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CLAIMS 



(57) [Claim(s)] 

[Claim 1] an empirical formula — 100(Fel-mTm)-x-y-z-n(Bl-pCp) xRyTizMn (one or more 
sorts of elements chosen from the group which T becomes from Co and nickel ~) One or more 
sorts of elements and M which were chosen from the group which R becomes from Y (yttrium) 
and a rare earth metal aluminum, Si, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, It is expressed by one 
or more sorts of elements chosen from the group which consists of Ag, Hf, Ta, W, Pt, Au, and 
Pb. The presentation ratio (rate of an atomic ratio) x, and y, z, m, n and p, respectively 10< 
x<=25 atom %, y< 7 <=10 atom %, 0.5<=z<=12 atom %, 0<=m<=0.5, 0<=n<=10 atom %, and 
the process that prepares the molten metal of an iron machine rare earth raw material alloy which 
satisfies 0<=p<=0.25, The process which it supplies [ process ] on a guidance means for a 
slideway to receive the molten metal of said account alloy horizontally, and to form the include 
angle of 1-80 degrees, and moves said alloy molten metal to a surface of action with a cooling 
roller. Said alloy molten metal is quenched with said cooling roller, and the cooling process 
which produces the quenching alloy containing an R2Fel4B mold compound phase is included. 
Production of said quenching alloy The manufacture approach of the iron machine rare earth 
magnet raw material alloy performed into the controlled atmosphere currently adjusted by 100 or 
less kPa of 0. 13 or more kPas pressures. 

[Claim 2] an empirical formula ~ 100(Fel-mTm)-x-y-z-n(Bl-pCp) xRyTizMn (one or more 
sorts of elements chosen from the group which T becomes from Co and nickel — ) One or more 
sorts of elements and M which were chosen from the group which R becomes from Y (yttrium) 
and a rare earth metal aluminum, Si, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, It is expressed by one 
or more sorts of elements chosen from the group which consists of Ag, Hf, Ta, W, Pt, Au, and 
Pb. The presentation ratio (rate of an atomic ratio) x, and y, z, m, n and p, respectively 10< 
x<=25 atom %, y< 7 <=10 atom %, 0.5<=z<=12 atom %, 0<=m<=0.5, 0<=n<=10 atom %, and 
the process that prepares the molten metal of an iron machine rare earth raw material alloy which 
satisfies 0<=p<=0.25, The process which it supplies [ process ] on a guidance means for a 
slideway to receive the molten metal of said alloy horizontally, and to form the include angle of 
1-80 degrees, and moves said alloy molten metal to a surface of action with a cooling roller. 
Quench said alloy molten metal with said cooling roller, include the cooling process which 
produces the quenching alloy containing an R2Fel4B mold compound phase, and it sets at said 
cooling process. The manufacture approach of the iron machine rare earth magnet raw material 
alloy which carries out the rate of an abundance ratio of said R2Fel4B mold compound phase 
more than 60 volume % of said quenching alloy. 

[Claim 3] The manufacture approach of the iron machine rare earth magnet raw material alloy 
according to claim 2 which adjusts the rotation peripheral velocity on said front face of a cooling 



roller a second in the range of 5m /or more 26m/second or less, and makes below /cm the speed 
of supply per unit width of face of said alloy molten metal by 3kg/in said cooling process. 
[Claim 4] an empirical formula ~ 100(Fel-mTm)-x-y-z-n(Bl-pCp) xRyTizMn (one or more 
sorts of elements chosen from the group which T becomes from Co and nickel ~) One or more 
sorts of elements and M which were chosen from the group which R becomes from Y (yttrium) 
and a rare earth metal aluminum, Si, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, It is expressed by one 
or more sorts of elements chosen from the group which consists of Ag, Hf, Ta, W, Pt, Au, and 
Pb. The presentation ratio (rate of an atomic ratio) x, and y, z, m, n and p, respectively 10< 
x<=25 atom %, y< 7 <=10 atom %, 0.5<=z<=12 atom %, 0<=m<=0.5, 0<=n<=10 atom %, and 
the process that prepares the molten metal of an iron machine rare earth raw material alloy which 
satisfies 0<=p<=0.25, The process which it supplies [ process ] on a guidance means for a 
slideway to receive the molten metal of said alloy horizontally, and to form the include angle of 
1-80 degrees, and moves said alloy molten metal to a surface of action with a cooling roller, The 
cooling process which produces the quenching alloy which quenches said alloy molten metal 
with said cooling roller, and contains an R2Fel4B mold compound phase. Include and the 
organization containing three or more kinds of crystal phases which contain an R2Fel4B mold 
compound phase, an alpha-Fe phase, and a ferromagnetic iron machine boride phase at least is 
formed. The manufacture approach of the iron machine rare earth magnet raw material alloy 
which includes the process which sets the diameter of average crystal grain of 200nm or less and 
said alpha-Fe phase of 20nm or more, and a boride phase to Inm or more 50nm or less for the 
diameter of average crystal grain of said R2Fel4B mold compound phase. 
[Claim 5] an empirical formula ~ 100(Fel-mTm)-x-y-z-n(Bl-pCp) xRyTizMn (one or more 
sorts of elements chosen from the group which T becomes from Co and nickel — ) One or more 
sorts of elements and M which were chosen from the group which R becomes from Y (yttrium) 
and a rare earth metal aluminum, Si, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, It is expressed by one 
or more sorts of elements chosen from the group which consists of Ag, Hf, Ta, W, Pt, Au, and 
Pb. The presentation ratio (rate of an atomic ratio) x, and y, z, m, n and p, respectively 10< 
x<=25 atom %, y< 7 <=10 atom %, 0.5<=z<=12 atom %, 0<=m<=0.5, 0<=n<=10 atom %, and 
the process that prepares the molten metal of an iron machine rare earth raw material alloy which 
satisfies 0<=p<=0.25, The process which it supplies [ process ] on a guidance means for a 
slideway to receive the molten metal of said alloy horizontally, and to form the include angle of 
1-80 degrees, and moves said alloy molten metal to a surface of action with a cooling roller, The 
cooling process which produces the quenching alloy which quenches said alloy molten metal 
with said cooling roller, and contains an R2Fel4B mold compound phase, The manufacture 
approach of an iron machine rare earth magnet raw material alloy that include and the 
ferromagnetic iron machine boride phase exists in the grain boundary or subgrain boundary of an 
R2Fel4B mold compound phase in said quenching alloy. 

[Claim 6] The manufacture approach of the iron machine rare earth magnet raw material alloy 
according to claim 4 which forms said organization by performing heat-of-crystallization 

processing to said quenching alloy. 

[Claim 7] Said heat-of-crystallization processing is the manufacture approach of an iron machine 
rare earth magnet raw material alloy including holding said quenching alloy 30 seconds or more 
at 550-degree-C or more temperature of 850 degrees C or less according to claim 6. 
[Claim 8] The manufacture approach of an iron machine rare earth magnet raw material alloy 
including the process which grinds said quenching alloy before said heat-of-crystallization 
processing according to claim 7. 



[Claim 9] Said iron machine boride phase is the manufacture approach of the iron machine rare 
earth magnet raw material alloy containing Fe3B and/or Fe23 B6 according to claim 4 or 5. 
[Claim 10] an empirical formula ~ 100(Fel-mTm)-x-y-z-n(Bl-pCp) xRyTizMn (one or more 
sorts of elements chosen from the group which T becomes from Co and nickel ~) One or more 
sorts of elements and M which were chosen from the group which R becomes from Y (yttrium) 
and a rare earth metal aluminum, Si, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, It is expressed by one 
or more sorts of elements chosen from the group which consists of Ag, Hf, Ta, W, Pt, Au, and 
Pb. The presentation ratio (rate of an atomic ratio) x, and y, z, m, n and p, respectively 10< 
x<=25 atom %, y< 7 <=10 atom %, 0.5<=z<=12 atom %, 0<=m<=0.5, 0<=n<=10 atom %, and 
the process that prepares the molten metal of an iron machine rare earth raw material alloy which 
satisfies 0<=p<=0.25, The process which it supplies [ process ] on a guidance means for a 
slideway to receive the molten metal of said alloy horizontally, and to form the include angle of 
1-80 degrees, and moves said alloy molten metal to a surface of action with a cooling roller, The 
manufacture approach of an iron machine rare earth magnet raw material alloy that quenched 
said alloy molten metal with said cooling roller, included the cooling process which produces the 
quenching alloy containing an R2Fel4B mold compound phase, and the presentation ratio p of C 
in said empirical formula has satisfied the relation of 0.01<=p<=0.25. 

[Claim 11] The manufacture approach of the iron machine rare earth magnet raw material alloy 
according to claim 1 0 characterized by the coagulation temperature of the compound phase 
which deposits first falling by 5 degrees C or more compared with the case where said 
presentation ratio p is zero, in the coagulation process of said alloy molten metal. 
[Claim 12] The compound phase which deposits first in the coagulation process of said alloy 
molten metal in said cooling process is the manufacture approach of the iron machine rare earth 
magnet raw material alloy according to claim 1 1 which is a titanium boride system compound. 
[Claim 13] an empirical formula ~ 100(Fel-mTm)-x-y-z-n(Bl-pCp) xRyTizMn (one or more 
sorts of elements chosen from the group which T becomes from Co and nickel ~) One or more 
sorts of elements and M which were chosen from the group which R becomes from Y (yttrium) 
and a rare earth metal aluminum. Si, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, It is expressed by one 
or more sorts of elements chosen from the group which consists of Ag, Hf, Ta, W, Pt, Au, and 
Pb. The presentation ratio (rate of an atomic ratio) x, and y, z, m, n and p, respectively 10< 
x<=25 atom %, y< 7 <=10 atom %, 0.5<=z<=12 atom %, 0<=m<=0.5, 0<=n<=10 atom %, and 
the process that prepares the molten metal of an iron machine rare earth raw material alloy which 
satisfies 0<=p<=0.25, The process which it supplies [ process ] on a guidance means for a 
slideway to receive the molten metal of said alloy horizontally, and to form the include angle of 
1-80 degrees, and moves said alloy molten metal to a surface of action with a cooling roller. Said 
alloy molten metal is quenched with said cooling roller, and the cooling process which produces 
the quenching alloy containing an R2Fel4B mold compound phase is included. Said cooling 
process The manufacture approach of an iron machine rare earth magnet raw material alloy that 
surface center line granularity Ra makes it rotate with 10m [/second ] or more surface peripheral 
velocity, and performs a cooling roller 20 micrometers or less. 

[Claim 14] an empirical formula — 100(Fel-mTm)-x-y-z-n(Bl-pCp) xRyTizMn (one or more 
sorts of elements chosen from the group which T becomes from Co and nickel ~) One or more 
sorts of elements and M which were chosen from the group which R becomes from Y (yttrium) 
and a rare earth metal aluminum. Si, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, It is expressed by one 
or more sorts of elements chosen from the group which consists of Ag, Hf, Ta, W, Pt, Au, and 
Pb. The presentation ratio (rate of an atomic ratio) x, and y, z, m, n and p, respectively 10< 



x<=25 atom %, y< 7 <=10 atom %, 0.5<=z<=12 atom %, 0<=m<=0.5, 0<=n<=10 atom %, and 
the process that prepares the mohen metal of an iron machine rare earth raw material alloy which 
satisfies 0<=p<=0.25, The process which it supplies [ process ] on a guidance means for a 
slideway to receive the molten metal of said alloy horizontally, and to form the include angle of 
1-80 degrees, and moves said alloy molten metal to a surface of action with a cooling roller. 
Quench said alloy molten metal with said cooling roller, include the cooling process which 
produces the quenching alloy containing an R2Fel4B mold compound phase, and it sets at said 
cooling process. The manufacture approach of an iron machine rare earth magnet raw material 
alloy of adjusting above the molten metal quenching processing speed per flow of said alloy 
molten metal which said cooling roller quenches within the limits of the following by 4kg/by 
0.7kg/. 

[Claim 15] an empirical formula ~ 100(Fel-mTm)-x-y-z-n(Bl-pCp) xRyTizMn (one or more 
sorts of elements chosen from the group which T becomes from Co and nickel ~) One or more 
sorts of elements and M which were chosen from the group which R becomes from Y (yttrium) 
and a rare earth metal aluminum, Si, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, It is expressed by one 
or more sorts of elements chosen from the group which consists of Ag, Hf, Ta, W, Pt, Au, and 
Pb. The presentation ratio (rate of an atomic ratio) x, and y, z, m, n and p, respectively 10< 
x<=25 atom %, y< 7 <=10 atom %, 0.5<=z<=12 atom %, 0<=m<=0.5, 0<=n<=10 atom %, and 
the process that prepares the molten metal of an iron machine rare earth raw material alloy which 
satisfies 0<=p<=0.25, The process which it supplies [ process ] on a guidance means for a 
slideway to receive the molten metal of said alloy horizontally, and to form the include angle of 
1-80 degrees, and moves said alloy molten metal to a surface of action with a cooling roller, The 
manufacture approach of an iron machine rare earth magnet raw material alloy of quenching said 
alloy molten metal with said cooling roller, including the cooling process which produces the 
quenching alloy containing an R2Fel4B mold compound phase, and adjusting the kinematic 
viscosity of said alloy molten metal below to a 5xl0-6m2/second. 

[Claim 16] an empirical formula ~ 100(Fel-mTm)-x-y-z-n(Bl-pCp) xRyTizMn (one or more 
sorts of elements chosen from the group which T becomes from Co and nickel — ) One or more 
sorts of elements and M which were chosen from the group which R becomes from Y (yttrium) 
and a rare earth metal aluminum, Si, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, It is expressed by one 
or more sorts of elements chosen from the group which consists of Ag, Hf, Ta, W, Pt, Au, and 
Pb. The presentation ratio (rate of an atomic ratio) x, and y, z, m, n and p, respectively 10< 
x<=25 atom %, y< 7 <=10 atom %, 0.5<=z<=12 atom %, 0<=m<=0.5, 0<=n<=10 atom %, and 
the process that prepares the molten metal of an iron machine rare earth raw material alloy which 
satisfies 0<=p<=0.25, The process which it supplies [ process ] on a guidance means for a 
slideway to receive the molten metal of said alloy horizontally, and to form the include angle of 
1-80 degrees, and moves said alloy molten metal to a surface of action with a cooling roller. The 
cooling process which produces the quenching alloy which quenches said alloy molten metal 
with said cooling roller, and contains an R2Fel4B mold compound phase. The manufacture 
approach of an iron machine rare earth magnet raw material alloy of including, and holding the 
skin temperature of said guidance means at 300 degrees C or more so that the kinematic viscosity 
of said alloy molten metal may not exceed a 5xl0-6m2/second. 

[Claim 17] an empirical formula ~ 100(Fel-mTm)-x-y-z-n(Bl-pCp) xRyTizMn (one or more 
sorts of elements chosen from the group which T becomes from Co and nickel — ) One or more 
sorts of elements and M which were chosen from the group which R becomes from Y (yttrium) 
and a rare earth metal aluminum. Si, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, It is expressed by one 



or more sorts of elements chosen from the group which consists of Ag, Hf, Ta, W, Pt, Au, and 
Pb. The presentation ratio (rate of an atomic ratio) x, and y, z, m, n and p, respectively 10< 
x<=25 atom %, y< 7 <=10 atom %, 0.5<=z<=12 atom %, 0<=m<=0.5, 0<=n<=10 atom %, and 
the process that prepares the molten metal of an iron machine rare earth raw material alloy which 
satisfies 0<=p<=0.25, The process which it supplies [ process ] on a guidance means for a 
slideway to receive the molten metal of said alloy horizontally, and to form the include angle of 
1-80 degrees, and moves said alloy molten metal to a surface of action with a cooling roller, It is 
the manufacture approach of an iron machine rare earth magnet raw material alloy that said 
guidance means consists of ingredients which contain aluminum 203 more than 80 volume % by 
quenching said alloy molten metal with said cooling roller, and including the cooling process 
which produces the quenching alloy containing an R2Fel4B mold compound phase. 
[Claim 18] The manufacture approach of the iron machine permanent magnet which includes the 
process which prepares the iron machine rare earth magnet raw material alloy produced by the 
manufacture approach of a pubUcation by either of claims 1-17, and the process which performs 
heat treatment to said iron machine rare earth magnet raw material alloy. 
[Claim 19] The manufacture approach of the bond magnet which includes the process which 
prepares the powder of the powder of the iron machine rare earth magnet raw material alloy 
produced by the manufacture approach of a publication by either of claims 1-17, or the iron 
machine permanent magnet produced by the manufacture approach according to claim 18, and 
the process which produces a bond magnet using said powder. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the iron machine rare earth alloy magnet which 
has two or more ferromagnetic phases especially, and its manufacture approach about the 
manufacture approach of the permanent magnet used suitable for various motors or an actuator. 
[0002] 

[Description of the Prior Art] In recent years, in the device for household electric appliances, OA 
equipment, electronic autoparts, etc., much more high-performance-izing and small lightweight- 
ization are demanded. Therefore, about the permanent magnet used for these devices, it is 
required that making the engine-performance tare quantitative ratio as the whole magnetic circuit 
into max should be called for, for example, a residual magnetic flux density Br should use the 
permanent magnet more than 0.5T (tesla). However, depending on the conventional 
comparatively cheap hard ferrite magnet, a residual magnetic flux density Br cannot be carried 
out more than 0.5T. 

[0003] As a permanent magnet which has current and the high residual magnetic flux density Br 



beyond 0.5T, the Sm-Co system magnet produced by powder-metallurgy processing is known. 
Except a Sm-Co system magnet, the Nd-Fe-B system sintered magnet produced by powder- 
metallurgy processing and the Nd-Fe-B system quenching magnet produced by the melt 
quenching method can demonstrate the high residual magnetic flux density Br. The former Nd- 
Fe-B system sintered magnet is indicated by JP,59-46008,A!. and the latter Nd-Fe-B system 
quenching magnet is indicated by JP56O-98525A. 
[0004] 

[Problem(s) to be Solved by the Invention] however, any of Sm and Co from which a Sm-Co 
system magnet serves as a raw material ~ although ~ since it is expensive, it has the fault that a 

magnet price is high. 

[0005] In the case of a Nd-Fe-B system magnet, since it is included, using cheap Fe as a 
principal component (60 % of the weight - about 70% of the weight of the whole), compared 
with a Sm-Co system magnet, it is cheap, but there is a problem that the costs which the 
production process takes are high. One of the reasons nil why production process costs are high 
is that a large-scale facility and a great process are needed for the separation purification and the 
reduction reaction of Nd for which a content occupies ten whole atoms % - 15 atom % extent. 
Moreover, when based on powder-metallurgy processing, the number of production processes 
surely increases. 

[0006] On the other hand, since the Nd-Fe-B system quenching magnet manufactured by the 
melt quenching method is obtained at the comparatively easy process of a dissolution process -> 
liquid cooling process -> heat treatment process, it has the advantage that process costs are cheap 
compared with the Nd-Fe-B system magnet by powder-metallurgy processing. However, since it 
is necessary to mix with resin the magnet powder produced from the quenching alloy, and to 
form a bond magnet in order to obtain a bulk-like permanent magnet when based on a melt 
quenching method, the filling factor (rate of a volume ratio) of the magnet powder occupied to 
the fabricated bond magnet is at most about 80%. Moreover, the quenching alloy produced with 
the melt quenching method is isotropy magnetically. 

[0007] From the above reason, it has the problem that the Nd-Fe-B system quenching magnet 
manufactured using the melt quenching method has low Br compared with the Nd-Fe-B system 
sintered magnet of the anisotropy manufactured with powder-metallurgy processing. 
[0008] As the technique of improving the property of a Nd-Fe-B system quenching magnet, it is 
effective to add complexly at least a kind of element chosen from the group which consists of Zr, 
Nb, Mo, Hf, Ta, and W, and a kind of element chosen from the group which consists of Ti, V, 
and Cr at least as indicated by JP,1-7502,A. Although coercive force HcJ and corrosion 
resistance improve by addition of such an element, the effective method of improving a residual 
magnetic flux density Br is not learned besides improving the consistency of a bond magnet. 
Moreover, when the rare earth elements more than 6 atom % are contained in a Nd-Fe-B system 
quenching magnet, in order to raise the quenching rate of a molten metal according to many 
advanced technology, the melt spinning process which injects a molten metal to a cooling roller 
through a nozzle is used. 

[0009] In the case of the Nd-Fe-B system quenching magnet, the concentration of rare earth 
elements has a presentation low in comparison, i.e., the near presentation of Nd3.8Fe 77.2B19 
(atomic %), and the magnet ingredient which makes a Fe3B mold compound the main phase is 
proposed (J.de Phys, such as R.Coehoom, C 8 and 1998, 669-670 pages). By performing heat-of- 
crystallization processing to the amorphous alloy produced with the melt quenching method, this 
permanent magnet ingredient has the metastable structure formed from the fine crystal aggregate 



with which the Nd2Fel4 B phase which is Fe3 B phase and hard magnetism which are soft 
magnetism is intermingled, and is called the "nano composite magnet." Although having the high 
residual magnetic flux density Br beyond IT is reported about such a nano composite magnet, 
the coercive force HcJ is comparatively as low as 160 kA/m - 240 kA/m. Therefore, use of this 
permanent magnet ingredient is restricted to the application from which the magnetic operating 
point becomes one or more. 

[0010] Moreover, various metallic elements are added into the raw material alloy of a nano 
composite magnet, although the attempt which raises magnetic properties is made (JP,3- 
261 104, A -) The patent No. 2727505 official report, the patent No. 2727506 official report. The 
international public presentation official report WO 003/03403 of international application, 
wcChan, and et.al.'THE EFFECTS OF REFRACTORY METALS ON THE MAGNETIC 
PROPERTIES OFalpha-Fe/R2Fel4B-TYPE NANOCOMPOSITES", IEEE, Trans.Magn.No.5, 
INTERMAG.99, Kyongiu, Korea pp.3265-3267, 1999, Sufficient "characteristic value per cost" 
is not necessarily acquired. Since the coercive force of the magnitude which can be equal to 
practical use in a nano composite magnet is not acquired, this is because sufficient magnetic 
properties cannot be discovered in real use. 

[001 1] This invention is made in view of the above-mentioned situation, and the place made into 
the purpose is to offer the manufacture approach of a permanent magnet that an iron machine 
alloy magnet with the outstanding magnetic properties with which are satisfied of the high 
coercive force (for example, HcJ>=600 kA/m) which can be equal to practical use can be 
manufactured cheaply, maintaining residual magnetic flux density Br>=0.8T. 
[0012] 

[Means for Solving the Problem] The manufacture approach of the iron machine rare earth 
magnet raw material alloy by this invention an empirical formula ~ 100(Fel-mTm)-x-y-z-n(Bl- 
pCp) xRyTizMn (one or more sorts of elements chosen from the group which T becomes from 
Co and nickel ~) One or more sorts of elements and M which were chosen from the group which 
R becomes from Y (yttrium) and a rare earth metal aluminum, Si, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, 
Mo, It is expressed by one or more sorts of elements chosen from the group which consists of 
Ag, Hf, Ta, W, Pt, Au, and Pb. The presentation ratio (rate of an atomic ratio) x, and y, z, m, n 
and p, respectively 10< x<=25 atom %, y< 7 <=10 atom %, 0.5<=z<=12 atom %, 0<=m<=0.5, 
0<=n<=10 atom %, and the process that prepares the molten metal of an iron machine rare earth 
raw material alloy which satisfies 0<=p<=0.25, The process which it supplies [ process ] on a 
guidance means for a slideway to receive the molten metal of said alloy horizontally, and to form 
the include angle of 1-80 degrees, and moves said alloy molten metal to a surface of action with 
said cooling roller, Said alloy molten metal is quenched with said cooling roller, and the cooling 
process which produces the quenching alloy containing an R2Fel4B mold compound phase is 
included. 

[0013] In a desirable operation gestalt, said cooling process includes the process which adjusts 
the width of face of the flow of said alloy molten metal in predetermined magnitude along the 

direction of an axis of said cooling roller with said guidance means. 

[0014] In a desirable operation gestalt, production of said quenching alloy is performed in a 
reduced pressure controlled atmosphere. 

[0015] The pressure of said controlled atmosphere is adjusted in the desirable operation gestalt 
by 100 or less kPa of 0.13 or more kPas pressures. 

[0016] With a desirable operation gestalt, the rate of an abundance ratio of said R2Fel4B mold 
compound phase is carried out in said cooling process more than 60 volume % of said quenching 



alloy. 

[0017] With a desirable operation gestalt, in said cooling process, the rotation peripheral velocity 
on said front face of a cooling roller is adjusted a second in the range of 5m /or more 26m/second 
or less, and the speed of supply per unit width of face of said alloy molten metal is made below 
into /cm by 3kg/. 

[0018] With a desirable operation gestalt, the organization containing three or more kinds of 
crystal phases which contain an R2Fel4B mold compound phase, an alpha-Fe phase, and a 
ferromagnetic iron machine boride phase at least is formed, and the process which sets the 
diameter of average crystal grain of 200nm or less and said alpha-Fe phase of 20nm or more, and 
a boride phase to Inm or more 50nm or less for the diameter of average crystal grain of said 
R2Fel4B mold compound phase is included. 

[0019] In a desirable operation gestalt, the ferromagnetic iron machine boride phase exists in the 

grain boundary or subgrain boundary of an R2Fel4B mold compound phase. 

[0020] With a desirable operation gestalt, said organization is formed by performing heat-of- 

crystallization processing to said quenching alloy. 

[0021] With a desirable operation gestalt, said heat-of-crystallization processing includes holding 
said quenching alloy 30 seconds or more at 550-degree-C or more temperature of 850 degrees C 
or less. 

[0022] In a desirable operation gestalt, the process which grinds said quenching alloy before said 
heat-of-crystallization processing is included. 

[0023] In the desirable operation gestalt, said iron machine boride contains Fe3B and/or Fe23 
B6. 

[0024] In a desirable operation gestalt, said element M surely contains Nb. 

[0025] If it removes that Nb is not included substantially with a desirable operation gestalt, as 

compared with the iron machine rare earth magnet raw material alloy which has the same 

presentation substantially, the liquidus-line temperature of a molten metal is low 10 degrees C or 

more. 

[0026] In a desirable operation gestalt, the content of Nb is 3% or less 0.1% or more of the whole 
at the rate of an atomic ratio. 

[0027] In a desirable operation gestalt, the presentation ratio p of C in said empirical formula has 

satisfied the relation of 0.01<=p<=0.25. 

[0028] With a desirable operation gestalt, kinematic viscosity of said alloy molten metal at the 
time before said guidance means is supplied is made below into 5x10-6 (m2-/second). 
[0029] With a desirable operation gestalt, it is characterized by the coagulation temperature of 
the compound phase which deposits first falling by 5 degrees C or more compared with the case 
where said presentation ratio p is zero, in the coagulation process of said alloy molten metal. 
[0030] With a desirable operation gestalt, the compound phase which deposits first in the 
coagulation process of said alloy molten metal is a titanium boride system compound in said 
cooling process. 

[0031] In a desirable operation gestalt, surface center line granularity Ra rotates a cooling roller 
20 micrometers or less with 10m [/second ] or more surface peripheral velocity, and performs 
said cooling process. 

[0032] With a desirable operation gestalt, the molten metal quenching processing speed per flow 
of said alloy molten metal which said cooling roller quenches is adjusted within the limits of the 
following by 4kg/above by 0.7kg/in said cooling process. 

[0033] With a desirable operation gestalt, the width of face of one flow of said alloy molten 



metal is adjusted to 5mm or more less than 20mm with said guidance means in said cooling 
process. 

[0034] With a desirable operation gestalt, the kinematic viscosity of said alloy molten metal is 
adjusted below to a 5xl0-6m2/second. 

[0035] With a desirable operation gestalt, the skin temperature of said guidance means is held at 
300 degrees C or more so that the kinematic viscosity of said alloy molten metal may not exceed 
a 5xl0-6m2/second. 

[0036] Thickness of a quenching alloy is set to 50 micrometers or more 200 micrometers or less 
with a desirable operation gestalt. 

[0037] In the desirable operation gestalt, said guidance means consists of ingredients which 
contain aluminum 203 more than 80 volume %. 

[0038] In the desirable operation gestalt, said cooling roller uses the base material currently 
formed from the ingredient which has the thermal conductivity of 50 or more W/m/K. 
[0039] In the desirable operation gestalt, said cooling roller has the base material formed from 
the alloy of carbon steel, a tungsten, iron, copper, molybdenum, beryllium, or a copper system. 
[0040] In a desirable operation gestalt, it is characterized by performing chromium, nickel, or 
plating that combined them in the front face of the base material of said cooling roller. 
[0041] The manufacture approach of the iron machine permanent magnet by this invention 
includes the process which prepares the quenching alloy produced by the above-mentioned 
manufacture approach, and the process which performs heat treatment to said quenching alloy. 
[0042] The manufacture approach of the bond magnet by this invention includes the process 
which prepares the powder of the powder of the alloy produced by the manufacture approach of 
one of the above, and the process which produces a bond magnet using said powder. 
[0043] the quenching alloy by this invention ~ an empirical formula ~ 100(Fel-mTm)-x-y-z- 
nQxRyTizMn (one or more sorts of elements chosen from the group which T becomes from Co 
and nickel ~) One or more sorts of elements and R which were chosen from the group which Q 
becomes from B and C a rare earth metal element and M aluminum, Si, V, Cr, Mn, Cu, Ga, Zr, 
Nb, Mo, Hf, It is expressed by the element more than a kind chosen from the group which 
consists of Ta, W, Pt, Pb, Au, and Ag. The presentation ratio (rate of an atomic ratio) x, and y, z, 
m and n, respectively 10< x<=20 atom %, It is the quenching alloy with which are satisfied of y< 
6 <=10 atom %, 0.5<=z<=6 atom %, 0<=m<=0.5, and 0 <=n<= pentatomic %, and thickness is 
within the limits of 50 micrometers or more 200 micrometers or less, and it is characterized by 
forming the crystalline structure in two end faces which intersect perpendicularly with the 
thickness direction. 

[0044] In the desirable operation gestalt, as for said crystalline structure, mean particle diameter 
contains the ferromagnetic boride phase of 50nm or less of Inm or more, and the with a 20nm or 
more mean particle diameter [ 200nm or less ] R2Fel4B mold compound phase. 
[0045] With a desirable operation gestalt, an amorphous part exists in the field inserted into the 
crystalline structure in said both-ends side. 

[0046] In a desirable operation gestalt, thickness is 80 micrometers or more. 
[0047] the quenching alloy by this invention — an empirical formula — 100(Fel-mTm)-x-y-z- 
nQxRyTizMn (one or more sorts of elements chosen from the group which T becomes from Co 
and nickel ~) One or more sorts of elements and R which were chosen from the group which Q 
becomes from B and C a rare earth metal element and M aluminum. Si, V, Cr, Mn, Cu, Ga, Zr, 
Nb, Mo, Hf, It is expressed by the element more than a kind chosen from the group which 
consists of Ta, W, Pt, Pb, Au, and Ag. The presentation ratio x, and y, z, m and n, respectively 



10< x<=20 atom %, It is the quenching alloy with which are satisfied of y< 6 <=10 atom %, 
0.5<=z<=6 atom %, 0<=m<=0.5, and 0 <=n<= pentatomic %, and thickness is within the limits 
of 60 micrometers or more 150 micrometers or less, and recoil permeability is two or less [ 1.1 or 
more ]. 

[0048] the magnetic powder by this invention ~ an empirical formula ~ 100(Fel-mTm)-x-y-z- 
nQxRyTizMn (one or more sorts of elements chosen from the group which T becomes from Co 
and nickel ~) One or more sorts of elements and R which were chosen from the group which Q 
becomes from B and C a rare earth metal element and M aluminum, Si, V, Cr, Mn, Cu, Ga, Zr, 
Nb, Mo, Hf, It is expressed by the element more than a kind chosen from the group which 
consists of Ta, W, Pt, Pb, Au, and Ag. The presentation ratio x, and y, z, m and n, respectively 
10< x<=20 atom %, It is the magnetic powder with which are satisfied of y< 6 <=10 atom %, 
0.5<=z<=6 atom %, 0<=m<=0.5, and 0 <=n<= pentatomic %, and the ratio of major-axis size [ 
as opposed to 60 micrometer or more 110 micrometers or less and minor-axis size in mean 
particle diameter ] is one or less [ 0.3 or more ], and coercive force He J is 600 or more kA/m. 
[0049] 

[Embodiment of the Invention] The manufacture approach of the permanent magnet by this 
invention cools the iron machine alloy molten metal containing Fe, B, R (one or more sorts of 
rare earth metal elements containing Y), and Ti in a reduced pressure ambient atmosphere by the 
strip cast method, and produces the quenching alloy which contains a detailed R2Fel4B mold 
compound phase by it. And heat treatment to a quenching alloy is performed if needed after that, 
and the amorphous substance which remained in the quenching alloy is crystallized. 
[0050] The strip cast method is the approach of producing the thin band of a quenching alloy by 
contacting an alloy molten metal on the surface of a cooling roller, and cooling an alloy molten 
metal. In this invention, the cooling roller which rotates at high speed compared with the 
conventional strip cast method performs quenching and coagulation of an alloy molten metal. 
Although a cooling rate is low compared with the melt spinning process to which the strip cast 
method injects an alloy molten metal on the surface of a cooling roller using a nozzle orifice, 
since a quenching alloy thin band wide width of face and comparatively thick is producible, it 
excels in mass-production nature. 

[005 1] According to this invention, most alpha-Fe of soft magnetism is not deposited in a 
quenching alloy, and the crystalline structure which has a detailed R2Fel4B mold compound 
phase or the organization which has a detailed R2Fel4B mold compound phase, and the 
organization where the amorphous phase was intermingled are produced. The compound-die 
permanent magnet of the high performance which controlled big and rough-ization of an 
R2Fel4B mold compound phase, set the mean particle diameter to 20nm or more 150nm or less 
by this even if it was after heat treatment, and soft magnetism phases, such as an alpha-Fe phase, 
distributed minutely can be obtained. Moreover, a detailed soft magnetism phase exists in the 
grain boundary or subgrain boundary of an R2Fel4B mold compound phase, and an exchange 
interaction is strengthened between configuration phases. 

[0052] If it is going to produce conventionally the quenching alloy which cools the alloy molten 
metal which has the presentation (namely, presentation excluding Ti from the presentation of this 
invention) which is similar so that the target presentation of this invention, and contains many 
R2Fel4B mold compound phases, the alloy organization where alpha-Fe deposited mostly will 
be obtained. For this reason, there was a problem that alpha-Fe will make it big and rough by 
subsequent heat-of-crystallization processing. If soft magnetism phases, such as alpha-Fe, make 
it big and rough, a magnet property will deteriorate greatly and the permanent magnet which is 



equal to practical use will not be obtained at all. 

[0053] When comparatively few (below 10 atom %), according to [ there are comparatively 
many contents of boron like the raw material alloy presentation used especially by this invention, 
and ] the conventional technique, rare earth elements R If it is going to produce a rapid 
sohdification alloy with which the cooling rate of an alloy molten metal is fully reduced, and the 
rate of a volume ratio of an R2Fel4B mold compound phase exceeds 60% Many alpha-Fe or its 
precursor deposited in addition to the R2Fel4B mold compound phase, by subsequent heat-of- 
crystallization processing, big and rough-ization of an alpha-Fe phase advanced, and the magnet 
property has deteriorated greatly. 

[0054] In order to have increased the coercive force of a nano composite magnet conventionally 
from the above thing, the cooling rate of an alloy molten metal was raised using the melt 
spinning process, and after changing into the condition that most rapid solidification alloys are 
occupied with an amorphous phase, common sense that it is desirable forming the organization 
made detailed by homogeneity by heat-of-crystallization processing from the amorphous phase 
existed, this should perform crystallization from an amorphous phase by the heat treatment 
process which is easy to control, in order to obtain a nano composite magnet with the alloy 
organization which the detailed crystal phase distributed it is because it thought. 

[0055] For this reason, after producing the rapid solidification alloy which makes an amorphous 
phase the main phase by adding La excellent in amorphous generation ability into a raw material 
alloy, and quenching the molten metal of that raw material alloy, Both Nd2Fel4 B phase and an 
alpha-Fe phase are deposited and grown up by heat-of-crystallization processing. The technique 
which makes [ about dozens of nm ] any phase detailed is reported Q. [ wcChan, ] [ et.al."THE 
EFFECTS OF REFRACTORY METALS ON THE MAGNETIC PROPERTIES ] OF alpha- 
Fe/R2Fel4B-TYPE NANOCOMPOSITES", IEEE, Trans.Magn.No.5, INTERMAG.99, 
Kyongiu, Korea pp.3265-3267, 1999. In addition, this paper is teaching the desirable thing, when 
that minute amount addition (2at%) of refi'actory metal elements, such as Ti, raises a magnet 
property and making the presentation ratio of Nd which is rare earth elements increase from 
9.5at(s)% to 1 1 .Oat(s)% make detailed both Nd2Fel4 B phase and an alpha-Fe phase. Addition 
of the above-mentioned refractory metal controls generation of boride (R2Fe 23B3 and Fe3B), 
and it is performed in order to produce the magnet which consists only of 2 of Nd2Fel4 B phase 
and an alpha-Fe phase phases. 

[0056] The quenching alloy for the above-mentioned nano composite magnets is produced using 
a nozzle by the melt spinning process which injects an alloy molten metal on the front face of the 
cooling roller which rotates at high speed. Since a very quick cooling rate is obtained when 
based on a melt spinning process, it is suitable for producing an amorphous quenching alloy. 
[0057] On the other hand, in this invention, although an alloy molten metal is cooled using the 
strip cast method at a rate later than the cooling rate in the conventional melt spinning process, 
by work of an alloying element Ti, the deposit of gamma-Fe (it changes to an alpha-Fe phase 
later) was suppressed at the rapid solidification process, and big and rough-ization of soft 
magnetism phases, such as an alpha-Fe phase in heat-of-crystallization down stream processing, 
is controlled further. Consequently, a detailed R2Fel4B mold compound phase can produce the 
quenching alloy distributed to homogeneity. 

[0058] According to this invention, using a raw material alloy with comparatively few (less than 
[ 10at% ]) amounts of rare earth elements, magnetization (residual magnetic flux density) and 
coercive force are high, and the permanent magnet excellent also in the square shape nature of a 
demagnetization curve can be manufactured on mass-production level. 



[0059] The increment in the coercive force by this invention is realized by having controlled big 
and rough-ization of a soft magnetism phase, depositing and growing up Nd2Fel4 B phase 
preferentially at a cooling process, and making the rate of a volume ratio of Nd2Fel4 B phase 
increase by it. the boron to which the increment in magnetization exists in a rapid solidification 
alloy by work of Ti — boride phases, such as ferromagnetic iron machine boride, are generated 
from a rich nonmagnetic amorphous phase, and it is thought that it was obtained since the rate of 
a volume ratio of the nonmagnetic amorphous phase which remains after heat-of-crystallization 
processing was decreased. 

[0060] Hereafter, the iron machine rare earth alloy magnet of this invention is explained more to 
a detail. 

[0061] First, an empirical formula prepares the molten metal of the iron machine rare earth raw 
material alloy expressed by 100(Fel-mTm)-x-y-z-n(Bl-pCp) xRyTizMn. One or more sorts of 
elements chosen fi-om the group which T becomes fi-om Co and nickel here, one or more sorts of 
elements chosen from the group which R becomes from Y (yttrium) and a rare earth metal, and 
M are one or more sorts of elements chosen from the group which consists of aluminum. Si, V, 
Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, Ag, Hf, Ta, W, Pt, Au, and Pb. Moreover, the presentation ratio 
(rate of an atomic ratio) x, and y, z, m, n and p satisfy the following relational expression, 
respectively. 

[0062] 10<x <=25 atom %7 <=y<10 atom %0.5 <=z<=12 atom %0 <=m<=0.50 <=n<=10 atom 
% and 0<=p<=0.25 [0063] Next, the cooling process which produces the quenching alloy which 
quenches the above-mentioned alloy molten metal in a reduced pressure controlled atmosphere, 
and contains a detailed (mean particle diameter is ISOnm or less) R2Fel4B mold compound 
phase 60% or more at the rate of a volume ratio by the strip cast method is performed. 
[0064] Then, if needed, heat-of-crystallization processing to a quenching alloy is performed, and 
the nano composite organization containing an R2Fel4B mold compound phase and a 
ferromagnetic iron machine boride phase is formed. As a soft magnetism phase, the detailed 
alpha-Fe phase may be included besides iron machine boride. During such an organization, the 
cooling conditions and heat-of-crystallization processing conditions of an alloy molten metal are 
adjusted so that the diameter of average crystal grain of 200nm or less and the boride phase of 
20nm or more, and an alpha-Fe phase may be set to Inm or more 50nm or less by the diameter of 
average crystal grain of an R2Fel4B mold compound phase. 

[0065] According to this invention, many R2Fel4B mold compound phases are preferentially 
generable at the cooling process of an alloy molten metal with work of added Ti. 
[0066] The diameter of average crystal grain of the R2Fel4B mold compound phase in a final 
magnet is larger than the diameter of average crystal grain of an iron machine boride phase or an 
alpha-Fe phase. The average size of the R2Fel4B mold compound phase which is a hard 
magnetism phase is comparatively large, and since each configuration phase joins together 
effectively by the exchange interaction and the magnetization direction of a soft magnetism 
phase is restrained by the hard magnetism phase when the average size of soft magnetism phases, 
such as an alpha-Fe phase, is small enough, it becomes possible to show the square shape nature 
of the demagnetization curve which was excellent as the whole alloy. 

[0067] In this invention, it becomes possible by adjusting manufacture conditions, such as an 
alloy presentation, a cooling rate of an alloy, and heat treatment temperature, to generate the iron 
machine boride which has the saturation magnetization of an R2Fel4B mold compound phase, 
an EQC, or saturation magnetization higher than it, and alpha-Fe. The iron machine borides 
generated are for example, Fe3B (saturation magnetization 1.5T) and Fe23 B6 (saturation 



magnetization 1.6T). The saturation magnetization of R2Fel4B is about 1.6T here, when R is 
Nd, and the saturation magnetization of alpha-Fe is 2. IT. 

[0068] It is thought that it is for combining with the element of the others [ boron / this / 
excessive ] in heat-of-crystallization processing since the amorphous phase which exists in a 
quenching alloy if the coagulation alloy whose R2Fel4B mold compound phase , as for the 
reason the ferromagnetic above iron machine boride is easy to be generated when based on the 
manufacture approach of this invention , occupies most is produced will surely contain boron 
superfluously , and depositing and becoming easy to grow up . However, if the boron contained 
in the amorphous phase before heat treatment and other elements join together and the low 
compound of magnetization is generated, magnetization will fall as the whole magnet. In 
addition, not only the phase constituted by only the part in which atomic arrangement carried out 
disordering to the "amorphous phase" in this specification completely but the phase which 
contains partially the precursor, the microcrystal (size: several nm or less), or the atomic cluster 
of crystallization shall be included. Specifically, the phase which can identify the crystal 
structure clearly neither by the X diffraction nor transmission electron microscope observation 
will be widely called an "amorphous phase." And suppose that the structure where the crystal 
structure can be clearly identified by the X diffraction or transmission electron microscope 
observation is called a "crystal phase." 

[0069] According to the experiment of this invention person, only when Ti was added, it tumed 
out that unlike the case where the metal of other classes, such as V, Cr, Mn, Nb, and Mo, is 
added the fall of magnetization does not arise but magnetization improves rather. Moreover, 
when Ti was added, compared with other above-mentioned alloying elements, the square shape 
nature of a demagnetization curve became good especially. When controlling generation of the 
low boride of magnetization from these things, Ti is considered to carry out important work 
especially. Especially when there are little boron and Ti among the presentation range of the raw 
material alloy used by this invention in comparison, the iron machine boride phase which has 
ferromagnetism by heat treatment tends to deposit. In this case, since the rate of a volume ratio 
of a nonmagnetic amorphous phase which remains after heat-of-crystallization processing 
decreases as a result of incorporating the boron contained in a nonmagnetic amorphous phase in 
iron machine boride, and a ferromagnetic crystal phase increases, a residual magnetic flux 
density Br improves. 

[0070] Moreover, when Ti is added, grain growth of alpha-Fe is controlled and the outstanding 
hard magnetic property is demonstrated. And ferromagnetic phases other than R2Fel4 B phase 
or an alpha-Fe phase are generated, and it becomes possible to form the organization containing 
three or more kinds of ferromagnetic phases in an alloy by it. When it replaces with Ti and 
metallic elements, such as Nb, V, and Cr, are added, as a result of grain growth of an alpha-Fe 
phase advancing remarkably in a comparatively high temperature field in which an alpha-Fe 
phase deposits and the magnetization direction of an alpha-Fe phase no longer being effectively 
restrained by switched connection with a hard magnetism phase, the square shape nature of a 
demagnetization curve falls greatly. 

[0071] In addition, if it heat-treats in the comparatively low temperature field in which alpha-Fe 
does not deposit when it replaces with Ti and Nb, Mo, and W are added, it is possible to obtain 
the good hard magnetic property excellent in the square shape nature of a demagnetization curve. 
However, with the alloy which heat-treated at such temperature, it is presumed that the R2Fel4B 
mold fine crystal phase distributes and exists in a nonmagnetic amorphous phase, and the 
configuration of a nano composite magnet is not formed. Furthermore, if it heat-treats at high 



temperature, an alpha-Fe phase will deposit out of an amorphous phase. Unlike the case where Ti 
is added, after a deposit, this alpha-Fe phase grows rapidly and is made big and rough. For this 
reason, the magnetization direction of an alpha-Fe phase will no longer be effectively restrained 
by switched connection with a hard magnetism phase, and the square shape nature of a 
demagnetization curve will deteriorate greatly. 

[0072] Since these addition metals dissolve to Fe and join together in antiferromagnetism on the 
other hand when it replaces with Ti and V and Cr are added, magnetization will fall greatly. 
[0073] On the other hand, when Ti is added, in order that the kinetics (kinetics) of a deposit and 
growth of an alpha-Fe phase may become late and a deposit and growth may take time amount to 
it, before a deposit and growth of an alpha-Fe phase are completed, it is thought that a deposit 
and growth of Nd2Fel4 B phase begin. For this reason, before an alpha-Fe phase makes it big 
and rough, Nd2Fel4 B phase grows greatly in the condition of having distributed to 
homogeneity. 

[0074] Thus, only when Ti is added, big and rough-ization of an alpha-Fe phase is controlled 
appropriately, and it becomes possible to form ferromagnetic iron machine boride. Furthermore, 
in order for Ti to delay crystallization of Fe primary phase (gamma-Fe which metamorphoses 
into alpha-Fe behind) at the time of liquid quenching, to consider as the element which makes 
generation of a supercooled liquid easy and to carry out important work with boron and carbon, 
Even if it makes the cooling rate at the time of quenching an alloy molten metal into the 
comparatively low value of 102 degrees C/second - about 104 degrees C/second It becomes 
possible to produce the quenching alloy (for iron machine boride to be included in addition to an 
R2Fel4B mold crystal phase) which contains an R2Fel4B mold crystal phase more than 60 
volume %, without depositing big and rough alpha-Fe. 

[0075] In this invention, the strip cast method for filling up to a cooling roller with a molten 
metal from a chute (guidance means) directly, without performing control of flow of the molten 
metal by the nozzle orifice is used. For this reason, as compared with the case where it is based 
on the melt spinning process using a nozzle orifice, productivity is high and a manufacturing cost 
is low. Thus, in order to make amorphous the molten metal of a R-Fe-B system rare earth alloy 
in the cooling rate range which can be attained also by the strip cast method, it is usually 
necessary to add B (boron) more than 10 atom %. Thus, when many B is added, even after 
performing heat-of-crystallization processing to a quenching alloy, a nonmagnetic amorphous 
phase with high B concentration remains all over a metal texture, and a homogeneous fine crystal 
organization is not obtained. Consequently, the rate of a volume ratio of a ferromagnetic phase 
falls, and the fall of magnetization is invited. However, if Ti is added like this invention, since 
the phenomenon mentioned above will be observed, the high iron machine boride of 
magnetization is generated and magnetization improves unexpectedly. 

[0076] If the presentation ratio x of the sum total of [reason for limitation of presentation] B and 
C becomes below 10 atom %, it becomes difficult to produce the quenching alloy with which an 
R2Fel4B mold crystal phase and an amorphous phase are intermingled, and when the cooling 

rate at the time of quenching is comparatively slow in 102 degrees C/second - about 105 degrees 
C/[ a second and ], even if it heat-treats after that, high coercive force will not be acquired. 
Moreover, if the presentation ratio x becomes below 10 atom %, the iron machine boride in 
which high magnetization is shown will no longer be generated. Its weatherability improves, so 
that there is much iron machine boride, in order that it may combine with Ti and the boron in 
iron machine boride may make a stable compound. For this reason, x needs to exceed 10 atom 
%. On the other hand, if the presentation ratio x exceeds 25 atom %, since the rate of an 



abundance ratio of alpha-Fe which has the highest saturation magnetization in a configuration 
phase to the increase of the rate of the volume ratio of the amorphous phase in which after heat- 
of-crystaiiization processing remains, and coincidence will decrease, a residual magnetic flux 
density Br will fall. It is desirable to set up so that the presentation ratio x may exceed 10 atom % 
and it may consist of the above thing below 25 atom %. The range of the more desirable 
presentation ratio x exceeds 10 atom %, and is below 17 atom %. 

[0077] The ratio p of B and whole C C is an atomic ratio, and it is desirable that it is in or more 0 
0.25 or less range. In order to acquire the effectiveness of C addition, it is desirable that the ratio 
p of C is 0.01 or more. If there is too less p than 0.01, the effectiveness of C addition will hardly 
be acquired. On the other hand, if p becomes larger than 0.25 too much, the amount of 
generation of an alpha-Fe phase will increase, and the problem that magnetic properties 
deteriorate will arise. As for the minimum of a ratio p, it is desirable that it is 0.02, and, as for the 
upper limit of p, it is desirable that it is 0.20 or less. As for a ratio p, it is still more desirable that 
it is [ or more 0.08 ] 0.15 or less. 

[0078] R is one or more sorts of elements chosen from the group of rare earth elements (Y is 
included). If La or Ce exists, since R (typically Nd) of R2Fel4 B phase will be permuted by La 
or Ce and coercive force and square shape nature will deteriorate, it is desirable that La and Ce 
are not included substantially. However, when La and Ce (below 0.5 atom %) of a minute 
amount exist as an impurity mixed unescapable, it is satisfactory on magnetic properties. 
Therefore, when it contains La and Ce below 0.5 atom %, it can be said that neither La nor Ce is 
included substantially. 

[0079] As for R, it is desirable that Pr or Nd is included as an essential element, and, more 

specifically, it may permute a part of the essential element by Dy and/or Tb. When the 
presentation ratio y of R becomes under the whole 6 atom %, the compound phase which has the 
R2Fel4B mold crystal structure required for the manifestation of coercive force does not fully 
deposit, but it becomes impossible to acquire the high coercive force HcJ. Moreover, if the 
presentation ratio y of R becomes more than 10 atom %, since the abundance of the iron machine 
boride which has ferromagnetism will fall and the abundance of B Rich's non-magnetic layer 
will increase instead, nano composite structure is not formed but magnetization falls. Therefore, 
as for the presentation ratio y of rare earth elements R, it is desirable to adjust the more than 
range under of 10 atom %, for example, 6 atom %, below to 9.5 atom % more than 6 atom %. 
The range of more desirable R is below 9.3 atom % more than 7 atom %, and the range of most 
desirable R is below 9.0 atom % more than 8.3 atom %. 

[0080] Addition of Ti contributes to the improvement of the improvement in coercive force HcJ 
and a residual magnetic flux density Br, and the square shape nature of a demagnetization curve, 
and raises maximum energy product (BH) max while it demonstrates the effectiveness of 
depositing and growing up a hard magnetism phase earlier than a soft magnetism phase, during 
quenching of an alloy molten metal. 

[0081] If the presentation ratio z of Ti becomes under the whole 0.5 atom %, the effectiveness of 
Ti addition will not fully be discovered. On the other hand, if the presentation ratio z of Ti 
exceeds the whole 12 atom %, since the rate of a volume ratio of the amorphous phase in which 
after heat-of-crystallization processing remains will increase, it is easy to invite the fall of a 
residual magnetic flux density Br. As for the presentation ratio z of the above thing to Ti, it is 
desirable to consider as the range below 12 atom % more than 0.5 atom %. The minimum of the 
range of more desirable z is 1.0 atoms %, and the upper limit of the range of more desirable z is 
six atoms %. Furthermore, the upper limit of the range of desirable z is pentatomic %. 



[0082] Moreover, since the amorphous phase which contains Q (for example, boron) 
superfluously is easy to be formed so that the presentation ratio x of Q which consists of C 
and/or B is high, it is desirable to make the presentation ratio z of Ti high. The compatibility of 
Ti over B is strong and it is condensed by the grain boundary of a hard magnetism phase. If the 
ratio of Ti to B is too high, Ti is not in a grain boundary, may enter into an R2Fel4B compound, 
and may reduce magnetization. Moreover, if the ratio of Ti to B is too low, many B rich 
amorphous phases of magnetism-ed will be generated. According to the experiment, it is 
desirable to adjust a presentation ratio so that 0.05 <=z/x<=OA may be satisfied, and it is more 
desirable to satisfy 0.1 <=z/x<=0.35. Furthermore, it is 0.13 <=z/x<=0.3 preferably. 
[0083] In order to acquire various effectiveness, a metallic element M may be added. M is one or 
more sorts of elements chosen from the group which consists of aluminum, Si, V, Cr, Mn, Cu, 
Zn, Ga, Zr, Nb, Mo, Hf, Ta, W, Pt, Pb, Au, and Ag. 

[0084] Although Fe occupies the content remainder of an above-mentioned element, even if it 
permutes a part of Fe by one sort or two sorts of transition-metals elements (T), Co and nickel, it 
can obtain desired hard magnetic property. If the amount of permutations of T to Fe exceeds 
50%, the high residual magnetic flux density Br beyond 0.7T will not be obtained. For this 
reason, as for the amount of permutations, it is desirable to limit to 50% or less of range 0% or 
more. In addition, since the Curie temperature of R2Fel4 B phase rises while the square shape 
nature of a demagnetization curve improves by permuting a part of Fe by Co, thermal resistance 
improves. The range where the amount of Fe permutations by Co is desirable is 40% or less 
0.5%o or more. 

[0085] Next, the desirable operation gestalt of this invention is explained to a detail, referring to 
a drawing. 

[0086] (Operation gestalt 1) The 1st operation gestalt of this invention is explained first. 
[0087] With this operation gestalt, a rapid solidification alloy is manufactured using the strip 
casting equipment shown in drawing 1 . In order to prevent oxidation of the raw material alloy 
containing the rare earth elements R and Fe which are easy to oxidize, production of a quenching 
alloy is performed in an inert gas ambient atmosphere. As inert gas, rare gas and nitrogen, such 
as helium or an argon, can be used. In addition, as for nitrogen, it is desirable to use rare gas, 
such as helium or an argon, in order to tend to react in comparison with rare earth elements R. 
[0088] The strip casting equipment of drawing 1 is arranged in the chamber which is not 
illustrated [ which can change the interior into the reduced pressure condition in an inert gas 
ambient atmosphere ]. This strip casting equipment was solidified with 4 which leads a 
molten metal 3 to a cooling roller 7, and chute (guidance means) 5 fi"om the fiision fumace 1 for 
dissolving an alloy raw material, the cooling roller 7 for making the alloy molten metal 3 
supplied from the pars-basilaris-ossis-occipitalis outlet 2 of a fusion fumace 1 quench and 
solidify, and the fusion fumace 1, and is equipped with the SUKURE par blow-of-gas machine 9 
which make it easy to exfoliate the thin band-like alloy 8 fi"om a cooling roller 7. 
[0089] A fusion fumace 1 can supply the molten metal 3 produced by fusing an alloy raw 
material by the amount of supply of abbreviation regularity to chute 5. This amount of supply 
can be adjusted to arbitration by controlling the actuation which leans a fusion fumace 1 etc. In 
addition, 4 may supply the alloy molten metal 3 which came out from the fusion fumace 1 to 
the direct chute 5 rather than is indispensable. 

[0090] The peripheral face is formed from the copper thermally conductive good ingredient, for 
example, a cooling roller 7 has the dimension whose width of face is 15cm - 100cm for the 
diameter of 30cm - 100cm. A cooling roller 7 can be rotated with a predetermined rotational 



speed with a non-illustrated driving gear. By controlling this rotational speed, the peripheral 
velocity of a cooling roller 7 can be adjusted to arbitration. The cooling rate by this strip casting 
equipment is controllable by choosing the rotational speed of a cooling roller 7 etc. in about 102 
degrees C/second - about 105 degrees C [/second ] range. 

[0091] The field to which it shows the mohen metal of chute 5 receives horizontally, and inclines 
at an include angle (whenever [ tilt-angle ]) alpha, and the distance of the point of chute 5 and the 
front face of a cooling roller is kept at several mm or less. And chute 5 is arranged so that the 
line which connects the point and core of a cooling roller 7 may receive horizontally and may 
form an include angle beta (0 degree <= beta<=90 degrees). As for alpha, it is desirable that it is 
1 degree <= alpha<=80 degrees, and it is [ whenever / tilt-angle / of chute 5 ] still more desirable 
to satisfy the relation it is [ relation ] 5 degrees <= alpha<=60 degrees. As for an include angle 
beta, it is desirable to satisfy the relation of 10 degrees <= beta<=55 degrees. 
[0092] The molten metal 3 supplied on the chute 5 is supplied from the point of chute 5 to the 
front face of a cooling roller 7, and forms the paddle 6 of a molten metal in the front face of a 
cooling roller 7. 

[0093] As chute 5 can carry out hot water storing of the molten metal 3 supplied continuously 
temporarily by the predetermined flow rate from a fusion flimace 1, it can be delayed in the rate 
of flow, and it can rectify the flow of a molten metal 3. If the **** check plate to which flow of 
the molten metal surface section in the molten metal 3 supplied to the chute 5 is alternatively 
made as for **** stop formed, the rectification effectiveness can be raised further, 

using chute 5 ~ the direction of drum length of a cooling roller 7 (the direction of an axis: 
perpendicular to space) ~ setting ~ constant width ~ crossing ~ abbreviation ~ a molten metal 3 
can be supplied in the condition of having extended in uniform thickness. By adjusting alpha 
whenever [ tilt-angle / of the molten metal slideway of chute 5 ], a molten metal speed of supply 
can be tuned finely. With the self-weight, a molten metal flows the slideway toward which the 
chute 5 inclined, and has a momentum component parallel horizontally (X shaft orientations). 
The rate of flow of a molten metal becomes quick, and momentum also becomes large, so that 
alpha is enlarged whenever [ tilt-angle / of chute 5 ]. 

[0094] In addition to the above-mentioned function, chute 5 also has the function to adjust the 
temperature of the molten metal 3 just before reaching a cooling roller 7. As for the temperature 
of the molten metal 3 on chute 5, it is desirable that it is temperature higher 100 degrees C or 
more than liquidus-line temperature. It is because primary phases, such as TiB2 which has a bad 
influence on the alloy property after quenching, may carry out karyogenesis locally, and they 
may remain after this solidifying when the temperature of a molten metal 3 is too low. Moreover, 
if molten metal temperature is too low, molten metal viscosity will rise and it will become easy 
to generate a splash. Although the molten metal temperature on chute 5 is controllable by 
adjusting the molten metal temperature in the time of pouring into chute 5 from a fusion fumace 
1, the heat capacity of chute 5 the very thing, etc., it may form chute heating apparatus (it sets to 
drawing 1 and is un-illustrating) if needed. 

[0095] The chute 5 in this operation gestalt has two or more discharge sections in which only 
predetermined spacing was detached and prepared along the direction of an axis of a cooling 
roller in the edge arranged so that the peripheral face of a cooling roller 7 may be countered. The 
width of face (width of face of one flow of a molten metal) of this discharge section is set as 
0.5cm - 10.0cm, and is more suitably set as 0.7cm - 4.0cm. With this operation gestalt, the width 
of face of each molten metal flow in the discharge section is set as 1cm. In addition, the width of 
face of the flow of a molten metal tends to spread in a longitudinal direction as it separates from 



the location of the above-mentioned discharge section. When preparing two or more discharge 
sections in chute 5 and forming two or more mohen metal flow, it is desirable to make it the 
adjoining molten metal flow not contact mutually. 

[0096] Along the direction of an axis of a cooling roller 7, the molten metal 3 supplied on the 
chute 5 has the width of face and abbreviation same width of face of each discharge section, and 
contacts a cooling roller 7. Then, the molten metal 3 which contacted by predetermined tapping 
width of face moves a roll (enabling it to pull up to cooling roller 7) peripheral surface top to a 
cooling roller 7 with rotation of a cooling roller 7, and it is cooled in this migration process. In 
addition, in order to prevent molten metal leakage, as for the distance between the point of chute 
5, and a cooling roller 7, it is desirable to be set as 3mm or less (especially the range of 0.4- 
0.7mm). 

[0097] The gap between the adjoining discharge sections is suitably set as 1cm - 10cm. Thus, if 
the molten metal contact section (molten metal cooling section) in the peripheral face of a 
cooling roller 7 is divided into two or more parts, the molten metal discharged from each 
discharge section can be cooled effectively. As a result, also when the molten metal amount of 
supply to chute 5 is made to increase, a desired cooling rate can be realized. 
[0098] In addition, the gestalt of chute 5 is not restricted to the above-mentioned gestalt, but you 
may have the single discharge section, and tapping width of face may be set up more greatly. 
[0099] The alloy molten metal 3 solidified on the peripheral face of the rotating cooling roller 7 
serves as the thin band-like coagulation alloy 8, and exfoliates from a cooling roller 7. In the case 
of this operation gestalt, the molten metal which flowed out of each of two or more discharge 
sections serves as a band of predetermined width of face, and solidifies. The exfoliative 
coagulation alloys 8 are crushed and collected in a non-illustrated recovery system. 
[0100] Thus, since the strip cast method does not have problems, such as constraint of the 
injection speed by the diameter of a nozzle, and molten metal plugging by the coagulation in the 
nozzle section, not using a nozzle like a melt spinning process, it is suitable for mass production 
method. Moreover, since the pressure controlling mechanism for controlling a heating facility of 
the nozzle section and molten metal head is not required, either, initial plant-and-equipment 
investment and a running cost can be held down small. 

[0101] Moreover, in the melt spinning process, since reuse of a nozzle part was impossible, the 
high nozzle of processing cost had to be made throwing away, but since it is possible to repeat 
and use a chute by the strip cast method, a running cost is cheap. 

[0102] Furthermore, since according to the strip cast method a cooling roller is rotated at a late 
rate and the amount of alloy tapping can be made [ many ] compared with a melt spinning 
process, a quenching alloy thin band can be thickened. 

[0103] However, by the strip cast method, in order not to inject an alloy molten metal strongly 
on the surface of a cooling roller, when a cooling roller 7 rotates with a comparatively quick 
peripheral velocity of lOm/second or more, there is a problem that it is difficult to stabilize and 
form the paddle 6 of a molten metal in the fi"ont face of a cooling roller 7. Moreover, since the 
pressure on which an alloy molten metal pushes a roll surface is small when not using a nozzle, 
in the contact section of an alloy molten metal and a roll surface, it is easy to produce a minute 
clearance between an alloy molten metal and a roll surface. For this reason, the adhesion 
between an alloy molten metal and a roll surface is inferior in the strip cast method compared 
with a melt spinning process. About the problem about adhesion, and its solution approach, it 
mentions later. 

[0104] With this operation gestalt, the speed of supply per unit contact width of face between a 



molten metal and a cooling roller has prescribed the upper limit of a molten metal speed of 
supply (throughput). When based on the strip cast method, the cooling conditions of a molten 
metal depend for a molten metal on the molten metal speed of supply per unit contact width of 
face greatly in order to contact a cooling roller so that it may have predetermined contact width 
of face along the direction of an axis of a cooling roller. 

[0105] If a molten metal speed of supply is too quick, it will become impossible to obtain the 
raw material alloy which the quenching alloy which includes many crystallization organizations, 
without the cooling rate of the molten metal by the cooling roller falling, consequently 
amorphous-ization promoting will be produced, and fitted the nano composite magnet, for this 
reason — this invention — unit contact width of face ~ (~ the speed of supply (a part for kg/) of 
per cm) is set below to /cm by 3kg/. 

[0106] Moreover, as mentioned above, when contacting a molten metal to a cooling roller with 
contact **** 2cmx3 contact gestalt, the above throughput can be realized by about 3kg/by 
setting up a speed of supply by about 0.5kg/more than /cm. 

[0107] thus, the quenching alloy of a request also when the strip cast method is used by 
supplying a molten metal with the speed of supply of the above-mentioned specific range to the 
cooling roller which rotates with the peripheral velocity of the above-mentioned specific range ~ 
productivity ~ it is highly producible. By the strip cast method, since the nozzle to which a 
manufacturing cost is made to increase remarkably like the jet cast method is not used, the cost 
conceming a nozzle becomes unnecessary and production does not stop according to the lock out 
accident of a nozzle. 

[0108] In this operation gestalt, the peripheral velocity of a cooling roller can be set [ second ] up 

a second in 5m /or more less than 20m /. If the quenching alloy of the request by roll peripheral 
velocity being less than 5m/second with lack of refrigeration capacity is not obtained and it 
carries out [ second ] in 20m /or more, since it will become difficult to pull up a molten metal 
and a cooling alloy will disperse in a thin film integrated circuit with a roll, there is a possibility 
of causing difficulty also in recovery. Although the optimal peripheral velocity may change with 
the structure of a cooling roller, the quality of the material, molten metal speeds of supply, etc., if 
peripheral velocity is quick, since the thin band-like alloy obtained becomes extremely thin and 
is bulky, it will be hard coming to deal with it. Moreover, if peripheral velocity is too quick, 
since the configuration of the magnetic powder which ground and produced the thin band-like 
alloy will become flat, in case magnetic powder is fabricated, the fluidity of magnetic powder 
and a cavity filling factor fall. Consequently, a magnetic magnetic powder consistency will fall 
and a magnet property will deteriorate. On the other hand, if peripheral velocity is slow, it will 
become difficult to obtain sufficient cooling rate. From these things, the peripheral velocity of a 
cooling roller is preferably set [ second ] up a second in 5m /or more 20m /or less, and is more 
preferably set [ second ] up a second in 6m /or more 15m /or less. The still more desirable range 
of the peripheral velocity of a cooling roller is lOm/second or more 13m/second or less. 
[0109] In addition, if the speed of supply per unit contact width of face exceeds /cm by 3kg/, a 
predetermined cooling rate will not be obtained but it will become difficult to produce a desired 
quenching alloy. Although the range where the speed of supply per unit contact width of face is 
suitable may differ according to roll peripheral velocity, roll structure, etc., it is desirable that it 
is [ 2kg ] below /cm by /, and it is still more desirable that it is [ 1 .5kg ] below /cm by /. 
[0110] Moreover, by 3kg/, by the following, the molten metal speed of supply (processing speed) 
as the whole equipment has bad productivity, and since it cannot reahze cheap feeding, it is 
carried out above by 3kg/. For that, when a chute, the configuration of a cooling roller, etc. are 



chosen appropriately, it is desirable to carry out the speed of supply per unit contact width of 
face by 0.4kg/more than /cm. 

[01 1 1] If roll peripheral velocity is 5ni/second - lOm/second when the roll made from Cu of 
15cm of **** is used for the diameter of about 35cm, the speed of supply per unit contact width 
of face has a /cm grade desirable [ for example, ] by /cm - 2kg/by 0.5kg/. In this case, a 
quenching process can be performed with 0.5kg a part for /-, and 6kg speed of supply for /. 
[0112] The thickness (average) and width of face of a thin band- like quenching alloy which are 
obtained can adjust within proper limits by choosing appropriately the width of face of the 
molten metal discharge section, a number, a molten metal speed of supply, etc. [ the 
configuration of chute 5, ] As for the width of face of a thin band-like quenching alloy, it is 
desirable that it is the range of 15mm - 80mm. Moreover, since bulk density will become low if 
too thin, collecting becomes difficult, the roll contact surface of a molten metal differs in a 
cooling rate from a free surface (molten metal front face) when too thick and the cooling rate of a 
free surface is not fully obtained, the thickness of a thin band-like alloy is not desirable. For this 
reason, it is desirable to make it the thickness of a thin band- like alloy set to 50 micrometers or 
more 250 micrometers or less, and 60-micrometer or more thing it is made to be set to 200 
micrometers or less is more desirable. The still more desirable range of the thickness of a 
quenching alloy is 70 micrometers or more 90 micrometers or less. Moreover, when the pack 
density of a bond magnet is taken into consideration, as for the thickness of a quenching alloy, it 
is desirable to exceed 80 micrometers. 

[0113] With [heat treatment] book operation gestalt, heat treatment is performed in argon 
atmosphere. Preferably, a progranmiing rate is carried out in 5 degrees C/second - 20 degrees 
C/second, and at 550-degree-C or more temperature of 850 degrees C or less, 30 seconds or 
more, after [ 20 or less minutes ] carrying out time amount maintenance, it cools to a room 
temperature. Of this heat treatment, into a residual amorphous phase, the fine crystal of a 
metastable phase deposits and grows and nano composite organization is formed. According to 
this invention, since the detailed R2Fel4B crystal phase (Nd2Fel4B mold crystal phase) has 
already existed more than the whole 60 volume % at the time (as-cast) before initiation of heat 
treatment, big and rough-ization of an alpha-Fe phase or other crystal phases is controlled, and 
each configuration phase other than a Nd2Fel4B mold crystal phase (soft magnetism phase) is 
made detailed by homogeneity. The rate of a volume ratio which the R2Fel4B crystal phase after 
heat treatment (Nd2Fel4B mold crystal phase) occupies in an alloy is 65 - 85%. 
[01 14] In addition, if heat treatment temperature is less than 550 degrees C, many amorphous 
phases may remain and after heat treatment may not reach level with sufficient coercive force 
depending on quenching conditions. Moreover, if heat treatment temperature exceeds 850 
degrees C, grain growth of each configuration phase will be remarkable, a residual magnetic flux 
density Br will fall, and the square shape nature of a demagnetization curve will deteriorate. For 
this reason, although 550 degrees C or more 850 degrees C or less of heat treatment temperature 
are desirable, the range of more desirable heat treatment temperature is 570 degrees C or more 
820 degrees C or less. 

[01 15] In this invention, it deposits uniformly [ the Nd2Fel4B mold compound phase of amount 
sufficient in a quenching alloy ], and minutely. For this reason, even when not daring perform 
heat-of-crystallization processing to a quenching alloy, the rapid solidification alloy itself can 
demonstrate sufficient magnet property. Therefore, although heat-of-crystallization processing is 
not a process indispensable to this invention, in order for it to be improvement in a magnet 
property to perform this, it is desirable. In addition, it is possible for heat treatment of low 



temperature to also fully raise a magnet property as compared with the former. 
[01 16] A heat treatment ambient atmosphere has desirable inert gas, such as Ar gas of 50 or less 
kPas, and N2 gas, in order to prevent oxidation of an alloy. 0. You may heat-treat in the vacuum 
of 1 or less kPa. 

[0117] In the quenching alloy before heat treatment, metastable phases, such as Fe3 B phase, 
Fe23 B6, R2Fel4 B phase, and an R2Fe23B three phase circuit, may be contained in addition to 
the R2Fel4B compound phase and the amorphous phase. In that case, by heat treatment, an 
R2Fe23B three phase circuit can disappear, and can carry out crystal growth of the iron machine 
boride (for example, Fe23 B6) and alpha-Fe which show the saturation magnetization of R2Fel4 
B phase, equivalent, or saturation magnetization higher than it. In addition, "Fe3 B phase" in this 
specification shall contain "Fe3.5 B phase." 

[0118] In order that a soft magnetism phase and a hard magnetism phase may join together 
magnetically by the exchange interaction since the diameter of average crystal grain of a soft 
magnetism phase is smaller than the diameter of average crystal grain of a hard magnetism phase 
even if a soft magnetism phase like alpha-Fe finally exists in the case of this invention, 
outstanding magnetic properties are demonstrated. 

[0119] The diameter of average crystal grain of the Nd2Fel4B mold compound phase after heat 
treatment needs to be set to 300nm or less which is uniaxial crystal particle size, it is desirable 
that it is [ 20nm or more ] 200nm or less, and it is still more desirable that it is [ 20nm or more ] 
150nm or less. On the other hand, if the diameter of average crystal grain of a ferromagnetic iron 
machine boride phase or an alpha-Fe phase exceeds SOnm, since the exchange interaction 
committed to each configuration interphase will become weaker and the square shape nature of a 
demagnetization curve will deteriorate, (BH) max will fall. Usually, these phases do not serve as 
a sludge with a small diameter, but serve as a sludge with a magnitude of several nm from Inm. 
As for the diameter of average crystal grain of soft magnetism phases, such as a boride phase 
from the above thing, and an alpha-Fe phase, it is desirable that it is [ Inm or more ] 50nm or 
less, and it is still more desirable that it is [ 5nm or more ] 30nm or less. It is still more desirable 
on magnetic properties that the diameter of average crystal grain of a Nd2Fel4B mold compound 
phase is [ the diameter of average crystal grain of 20nm or more lOOnm or less and a soft 
magnetism phase ] Inm or more 30nm or less. Moreover, in order to excel as an exchange spring 
magnet and to demonstrate the engine performance, as for the diameter of average crystal grain 
of a Nd2Fel4B mold compound phase, it is desirable that it is larger than the diameter of average 
crystal grain of a soft magnetism phase. 

[0120] Moreover, according to this operation gestalt, as shown in drawing 2 , the organization to 
which the detailed iron machine boride phase (Fe, Ti) (-B compound) existed in the grain 
boundary or subgrain boundary of a Nd2Fel4B mold compound phase is obtained. Such an 
organization is suitable for maximizing the exchange interaction of a configuration interphase. Ti 
exists in iron machine boride. This is considered to be because for the compatibility over B of Ti 
to be strong and for Ti to be easy to be condensed in iron machine boride. In order that Ti and B 
may join together strongly within iron machine boride, it is thought that addition of Ti stabilizes 
iron machine boride. 

[0121] In addition, the thin band of a quenching alloy may be coarsely cut or ground before heat 
treatment. If the obtained magnet is pulverized after heat treatment and magnet powder 
(magnetic powder) is produced, various bond magnets can be manufactured according to a well- 
known process from the magnetic powder. When producing a bond magnet, it is mixed with an 
epoxy resin or Nylon and iron machine rare earth alloy magnetic powder is fabricated by the 



desired configuration. At this time, other magnetic powder, for example, Sm-Fe-N system 
magnetic powder, and hard ferrite magnetic powder of a class may be mixed to nano composite 
magnetic powder. 

[0122] Various kinds of rotating machines, such as a motor and an actuator, can be manufactured 
using an above-mentioned bond magnet. 

[0123] When using for injection-molding bond magnets the end of ****** it was obtained by the 
approach of this invention, it is desirable to grind so that average grain size may be set to 200 
micrometers or less, and the mean particle diameter of more desirable powder is 30 micrometers 
or more 150 micrometers or less. Moreover, when using for compression-molding bond magnets, 
it is desirable to grind so that grain size may be set to 300 micrometers or less, and the mean 
particle diameter of more desirable powder is 30 micrometers or more 250 micrometers or less. 
Furthermore, the desirable range is 50 micrometers or more 200 micrometers or less. 
[0124] (Operation gestalt 2) Next, the 2nd operation gestalt of this invention is explained. 
[0125] When quenching and solidifying the molten metal of the alloy of the above-mentioned 
presentation which contains Ti as an essential element by the strip cast method, the compounds 
(TiB2 etc.) which Ti and B combined become high compared with the molten metal of the iron 
machine rare earth magnet raw material alloy with which it is easy to be formed in a molten 
metal, consequently the liquidus-line temperature of a molten metal has the conventional 
presentation. If the liquidus-line temperature of a molten metal becomes high, it will set up for 
raising the part and molten metal temperature (it being an about [ 100 degree C ] elevated 
temperature from liquidus-line temperature) and molten metal viscosity will not be maintained 
low enough, it becomes impossible to realize stable tapping. 

[0126] However, since roll skin temperature will rise if tapping temperature is made high when 
making an alloy molten metal quench and solidify on the surface of a cooling roller, the thin 
band of a quenching alloy stops being able to separate from a cooling roller easily, and becomes 
easy to coil around a cooling roller. If an alloy thin band coils around a roll, a molten metal is 
supplied one after another on the alloy which coiled, and in order that the crystal phase generated 
in a quenching alloy may make it big and rough, a final magnet property will deteriorate. 
[0127] This problem hardly produces a comparatively little alloy molten metal in the melt 
spinning process injected from a nozzle. When based on a melt spinning process, the adhesion 
between the molten metals and roll surfaces where the amount of the molten metal which 
contacts on the surface of a cooling roller is injected strongly few is also good, consequently, the 
capacity for a roll to cool a molten metal ~ falling ~ hard — cooling of a molten metal ~ 
homogeneity ~ and it is because it fully goes on. 

[0128] On the other hand, when based on the strip cast method, in order not to use a nozzle, it is 
difficult homogeneity and to fully cool a lot of alloy molten metals. Moreover, in the alloy 
presentation used by this invention, the cooling rate of a molten metal and the homogeneity of 
cooling will influence the detailed organization of a quenching alloy greatly, and will determine 
a magnet property. For this reason, in order to mass-produce a high performance nano composite 
magnet by the strip cast method, it is necessary to fully prevent coiling round of the alloy thin 
band to a cooling roller. 

[0129] this invention person found out that the liquidus-line temperature of an alloy molten metal 
fell by 10 degrees C or more (for example, about 40-80 degrees C) by adding Nb of optimum 
dose to the alloy of a presentation system mentioned above. Though only the part reduced molten 
metal temperature when the liquidus-line temperature of an alloy molten metal fell, it becomes 
possible for molten metal viscosity to hardly increase but to perform stable tapping continuously. 



While preventing coiling round by the roll since sufficient cooling can be attained on the surface 
of a cooling roller if tapping temperature becomes low, it becomes possible to make a rapid 
solidification alloy organization homogeneity detailed. 

[0130] So, with this operation gestalt, an empirical formula quenches the molten metal of the 
alloy expressed by 100(Fel-mTm)-x-y-z-n(Bl-pCp) xRyTizNbn by the strip cast method. Here, 
one or more sorts of elements chosen from the group which T becomes from Co and nickel, and 
R are expressed by one or more sorts of elements chosen from the group which consists of Y 
(yttrium) and a rare earth metal, and the presentation ratio x, and y, z, m, n and p satisfy the 
following relational expression, respectively. 

[0131] 10<x <=25 atom %7 <=y<10 atom %0.5 <=z<=12 atom %0 <=m<=0.50.1 <=n<= 
pentatomic % and 0<=p<=0.25 [0132] In addition, in order to prevent coiling round of the alloy 
by the cooling roller, it is desirable it not only to add Nb, but to adjust ambient gas pressure in 
the suitable range as mentioned above. 

[0133] With this operation gestalt, a rapid solidification alloy is manufactured using the strip 
casting equipment shown in drawing 3 . In order to prevent oxidation of the raw material alloy 
containing the rare earth elements R and Fe which are easy to oxidize, an alloy production 
process is performed in an inert gas ambient atmosphere. As inert gas, rare gas and nitrogen, 
such as helium or an argon, can be used. 

[01 34] The strip casting equipment of drawing 3 is arranged in the chamber which can change 
the interior into a reduced pressure condition in an inert gas ambient atmosphere. This strip 
casting equipment was solidified like the equipment of drawing 1 with the chute (tundish) 5 
which leads a molten metal 3 to a cooling roller 7 from the fusion fiimace 1 for dissolving an 
alloy raw material, the cooling roller 7 for making the alloy molten metal 3 supplied from a 
fusion furnace 1 quench and solidify, and the fusion fumace 1, and is equipped with the 
SUKURE par blow-of-gas machine 9 which make it easy to exfoliate the thin band-like alloy 8 
from a cooling roller 7. 

[0135] A fusion fumace 1 can supply the molten metal 3 produced by fusing an alloy raw 
material by the amount of supply of abbreviation regularity to chute 5. This amount of supply 
can be adjusted to arbitration by controlling the actuation which leans a fusion fumace 1 etc. 
[0136] The cooling roller 7 is formed from the ingredient with the peripheral face good [ copper 
thermal conductivity ], and a diameter (2r) has the dimension whose width of face is 15 cm - 
100cm by 30cm - 100cm. A cooling roller 7 can be rotated with a predetermined rotational speed 
with a non-illustrated driving gear. By controlling this rotational speed, the peripheral velocity of 
a cooling roller 7 can be adjusted to arbitration. The cooling rate by this strip casting equipment 
is controllable by choosing the rotational speed of a cooling roller 7 etc. in the about 102 degrees 
C/second - about 2x104 degrees C [/second ] range. 

[0137] The molten metal 3 supplied on the chute 5 is supplied without the ability applying a 
pressure from the point of a chute to the front face of a cooling roller 7, and the paddle 6 of a 
molten metal is formed in the front face of a cooling roller 7. 

[0138] Chute 5 consists of ceramics etc., as it can carry out hot water storing of the molten metal 
3 continuously supplied by the predetermined flow rate from a fusion fumace 1 temporarily, it 
can be delayed in the rate of flow, and it can rectify the flow of a molten metal 3. If the **** 
check plate to which flow of the molten metal surface section in the molten metal 3 supplied to 
the chute 5 is altematively made as for **** stop ****** is formed, the rectification 
effectiveness can be raised further. 

[0139] It is applied that the various conditions in a strip cast process explained the first operation 



gestalt. Moreover, the process after carrying out to a quenching alloy is the same as the process 
in the 1st operation gestalt. 

[0140] According to this operation gestalt, by adding Nb to an iron machine rare earth alloy with 
Ti, the liquidus-line temperature of an alloy molten metal is lowered, and it becomes possible to 
be stabilized and to manufacture a quenching alloy on mass-production level. 
[0141] In addition, as for the presentation ratio of Nb, it is desirable that it is below pentatomic 
% more than 0.1 atom %, and it is still more desirable that it is below 3 atom % more than 0.5 
atom %. 

[0142] (Operation gestalt 3) Next, the 3rd operation gestalt of this invention is explained. 
[0143] As mentioned above, with the alloy used by this invention, the compounds (TiB2 etc.) 
which Ti and B combined become high compared with the molten metal of the iron machine rare 
earth magnet raw material alloy with which it is easy to be formed in a molten metal, 
consequently the liquidus-line temperature of a molten metal has the conventional presentation. 
[0144] this invention person found out that the liquidus-line temperature of an alloy molten metal 
carried out 5-degree-C or more (for example, about 10-40 degrees C) fall, when adding C 
(carbon) of optimum dose into the iron machine alloy containing Ti and B. Since crystallization, 
such as TiB2, will be controlled even if it reduces the part and molten metal temperature if the 
liquidus-line temperature of an alloy molten metal falls by carbonaceous addition, it becomes 
possible for molten metal viscosity to hardly increase but to form stable molten metal flow 
continuously. While preventing coiling round by the roll since sufficient cooling can be attained 
on the surface of a cooling roller if molten metal temperature becomes low, it becomes possible 
to make a rapid soUdification alloy organization homogeneity detailed. 
[0145] With this operation gestalt, an iron machine rare earth rapid solidification alloy is 
produced by quenching the alloy molten metal as which an empirical formula is expressed by 
100(Fel-mTm)-x-y-z-n(Bl-pCp) xRyTizMn by the strip cast method. T is one or more sorts of 
elements chosen from the group which consists of Co and nickel here, and R is one or more sorts 
of elements chosen fi*om the group which consists of Y (yttrium) and a rare earth metal. M is one 
or more sorts of elements chosen from the group which consists of aluminum, Si, V, Cr, Mn, Cu, 
Zn, Ga, Zr, Nb, Mo, Ag, Hf, Ta, W, Pt, Au, and Pb. 

[0146] X in the above-mentioned empirical formula, and y, z, m, n and p satisfy the following 

relational expression, respectively. 

[0147] 10<x <=25 atom %7 <=y<10 atom %0.5 <=z<=12 atom %0 <=m<=0.50 <=n<=10 atom 
% and 0.01<=p<=0.25 [0148] In order to make the molten metal of the above-mentioned alloy 
solidify, also in this operation gestalt, the strip casting equipment shown in drawing 3 is used. In 
addition, with this operation gestalt, an oxygen density fuses a raw material 1000 ppm or less at 
the rate of a mass ratio, and controls the oxygen density of the alloy in a melting condition by the 
rate of a mass ratio to 3000 ppm or less. Since the oxygen density of a molten metal changes 
with the oxygen tension in an ambient atmosphere, the time amount from melting to rapid 
solidification, etc., he is trying for an oxygen density not to exceed 3000 ppm by adjusting these 
terms and conditions with this operation gestalt. 

[0149] The molten metal 3 supplied on the chute 5 is supplied without the ability applying a 
pressure from the point of a chute to the front face of a cooling roller 7, and forms the paddle 6 
of a molten metal in the front face of a cooling roller 7. With this operation gestalt, since the 
liquidus-line temperature of a molten metal is low maintained by adding carbon, when molten 
metal temperature is 1200 degrees C or more, the kinematic viscosity of a molten metal is 
maintained below at a 5xl0-6m2/second, and smooth fluidity realizes it. 



[0150] As for the temperature of the molten metal 3 on chute 5, it is desirable that it is 
temperature higher 100 degrees C or more than liquidus-line temperature. It is because the 
primary phase which has a bad influence on the alloy property after quenching may carry out 
karyogenesis locally, and it may remain after this solidifying when the temperature of a molten 
metal 3 is too low. 

[0151] It is applied that the various conditions in a strip cast process explained the first operation 
gestalt. Moreover, the process after carrying out to a quenching alloy is the same as the process 
in the 1st operation gestalt. 

[0152] In addition, since "bulk density" of the obtained quenching alloy thin band is below 0.5g 

(g)/cc in many cases, it is desirable after quenching to grind and collect alloys so that "bulk 
density" may become [ cc ] in Ig /or more using suitable grinding equipment. 
[0153] The process after this strip cast process should just perform the process in the 1st 
operation gestalt, and the same process. 

[0154] According to this operation gestalt, by adding C to an iron machine rare earth alloy with 
Ti, the liquidus-line temperature of an alloy molten metal is lowered, and it becomes possible to 
be stabilized and to manufacture a quenching alloy on mass-production level. 
[0155] (Operation gestalt 4) The peripheral velocity of the cooling roller in the conventional strip 
cast method is very slow, and is about l-2m/second. it is desirable for it to be markedly alike and 
to cool a molten metal with a quick peripheral velocity rather than the peripheral velocity in the 
conventional strip cast method by Ti addition, at the alloy presentation used by this invention, in 
order to raise a magnet property as much as possible although a good quenching alloy 
organization can be comparatively formed also with a low speed. 

[0156] However, in the strip cast method, if the rotational speed of a cooling roller is raised, it 
will become difficult to fully pull up an alloy molten metal. In the case of the strip cast method, 
compared with a melt spinning process, the degree of adhesion of the molten metal to the roll 
surface to rotate is a low pile. It is a cause that the thin air space by which this is formed in a roll 
surface invades between a molten metal and a roll surface. For this reason, it is because a molten 
metal is slippery on a roll surface and it becomes impossible to pull up a molten metal, when a 
cooling roller is rotated at high speed. On the other hand, when based on a melt spinning process, 
in order to throw the thin jet of a molten metal which has a big momentum through a nozzle 
orifice at a cooling roller front face, even when an air space can be broken, a molten metal can be 
stuck to a roll surface and the cooling roller is carrying out high-speed rotation even if, it is 
possible to form a desired rapid solidification alloy. 

[0157] From such a situation, when a cooling rate needed to be raised conventionally, it had set 
up for raising the peripheral velocity of a cooling roller using a melt spinning process (for 
example, 20m/(second) or more). Conversely, when a cooling rate could be slow, peripheral 
velocity of a cooling roller was set up low (for example, l-2m/(second)) using the strip cast 
method. 

[0158] When producing an iron machine rare earth alloy magnet with a melt quenching method, 

unless a cooling rate is fully raised, desired detailed organization cannot be obtained. Since a 
cooling rate became inadequate if not conventionally based on a melt spinning process when 
manufacturing the nano composite magnet which the hard magnetism phase and soft magnetism 
phases, such as alpha-Fe, which consist of a Nd-Fe-B system compound especially combined 
magnetically by the exchange interaction, a desired quenching organization was not obtained. 
Therefore, mass-producing such a nano composite magnet by the strip cast method was not 
realized. 



[0159] this invention persons have considered development of the strip cast method using the 
cooling roller which rotates at high speed (peripheral velocity : 10m/(second) or more) in order 
to attain the cooling rate made difficult [ implementation ] according to the conventional strip 
cast method. By this invention persons' strip cast method, an alloy molten metal is supplied on 
the inclined chute (guidance means), using the self-weight of a molten metal, it is on a chute and 
the longitudinal direction flow of an alloy molten metal is formed. Thus, by giving a 
comparatively big momentum to a molten metal, it becomes possible to throw a molten metal at 
a cooling roller front face, and to stick a molten metal on the front face of the cooling roller 
which carries out high-speed rotation. 

[0160] However, according to this invention persons' strip cast method of describing above, even 
if it added C and Nb and performed quenching of a molten metal under the reduced pressure 
ambient atmosphere, it turned out that a quenching alloy may coil around a cooling roller. When 
a quenching alloy coils around a cooling roller, a quenching process is obliged to interruption 
and it becomes impossible to continue a quenching process. This serves as big trouble for 
fertilization implementation. 

[0161] With this operation gestalt, the paddle of a molten metal is stabilized and formed on the 
cooling roller which rotates at high speed, and the configuration and cooling roller of a chute 
useful although it moreover prevents that a quenching alloy coils around a roll are explained to a 
detail. 

[0162] With this operation gestalt, the strip cast method is performed using the equipment shown 
in drawing 3 . As mentioned above, the molten metal slideway of chute 5 receives horizontally, 
inclines, and forms the passage of the molten metal to a cooling roller 7. The include angle alpha 
between the slideway of chute 5 and a horizontal direction (whenever [ tilt-angle ]) is an 
important parameter in order to control the amount of supply (rate) of a molten metal delicately. 
[0163] The molten metal 3 supplied on the chute 5 is supplied from the point of chute 5 with a 
horizontal momentum to the front face of a cooling roller 7, and forms the paddle 6 of a molten 
metal in the front face of a cooling roller 7. 

[0164] Drawing 4 is the perspective view showing the top face of chute 5. This chute 5 has the 
guide to which it shows a point to the molten metal received by one place. Some of these guides 
exist not only in the both sides of passage but in a center section, and it can divide molten metal 
flow into two articles. In the example of drawing 4 , each width of face of the molten metal flow 
of two articles is specified to 10mm, and the molten metal of a monograph is supplied to a 
cooling roller front face at intervals of 10mm. according to the chute 5 with such a guide ~ the 
direction of drum length of a cooling roller 7 (the direction of an axis: direction perpendicular to 
the space of drawing 3 ) ~ setting — constant width ~ crossing — abbreviation ~ a molten metal 
3 can be supplied in the condition of having extended in uniform thickness. In addition, the width 
of face (width of face of a quenching alloy) of each ribbon at this time is set as 5 -20mm. It is 
because it becomes difficult to perform the casting stabilized when mass-production nature fell 
when ribbon width of face was less than 5mm, and it exceeded 20mm. 

[0165] Detailed irregularity usually exists in the front face of the cooling roller 7 used for strip 
cast equipment. When the surface roughness of a cooling roller 7 becomes large, the effectual 
touch area of an alloy molten metal and the front face of a cooling roller 7 will decrease for the 
detailed crevice which exists in a roll surface. 

[0166] Drawing 5 shows typically the cross-section configuration of the molten metal in contact 
with the front face of the cooling roller 7 which rotates with the peripheral velocity of 
lOm/second. A controlled atmosphere is involved in between the front face of a cooling roller 7, 



and the inferior surface of tongue of a molten metal, and many air pockets 50 are formed in it. 
The effectual touch area of a roll surface and a molten metal falls, so that the surface roughness 
of a cooling roller 7 is large. Consequently, the amount of cooling from the molten metal by the 
cooling roller 7 will fall, and the cooling rate of the alloy molten metal 3 will decrease 
substantially. Thus, a fall of the refrigeration capacity by the cooling roller 7 will not fully reduce 
the temperature of the quenching alloy 8 solidified in contact with a cooling roller 7. 
[0167] Although it contracts on the occasion of coagulation, the quenching alloy 8 cannot 
exfoliate easily from the rotating cooling roller 7, and becomes easy to coil around a cooling 
roller 7, so that this solidification shrinkage becomes inadequate. If the ribbon-like quenching 
alloy 8 coils around a cooling roller 7, it will become impossible and to continue a cooling 
process. When based especially on the strip cast method, there is a problem that the quenching 
alloy 8 tends to coil [ the roll hoop direction size of the part to which the molten metal touches 
the roll surface ] around a cooling roller 7 since it is long compared with a melt spinning process. 
[0168] On the other hand, as shown in drawing 6 . since refrigeration capacity becomes high, it is 
easy [ in order to inject a comparatively little alloy molten metal on the front face of a cooling 
roller 7 through a nozzle and to force a molten metal on a roll surface, even when the surface 
roughness of a cooling roller 7 is large the adhesion between a roll surface and a molten metal is 
good, and ] according to the melt spinning process, to cool an alloy molten metal to homogeneity 
at sufficient rate. 

[0169] If high-speed rotation of the cooling roller 7 is carried out with the peripheral velocity of 
lOm/second or more when being based on the strip cast method of the type adopted by this 
invention, as explained above, center line granularity Ra in the front face of a cooling roller 7 
will have effect important for coiling round to the cooling roller 7 of the quenching alloy 8. If 
center line granularity Ra in the front face of a cooling roller 7 was 20 micrometers or less, since 
sufficient cooling effect would be acquired according to the experiment of this invention person, 
it tumed out that it can prevent that the quenching alloy 8 coils around a cooling roller 7. 
[0170] From the above thing, center line granularity Ra on the front face of a cooling roller is set 
as 20 micrometers or less by this invention. In addition, in order to continue the operation 
stabilized on mass-production level, as for center line granularity Ra on the front face of a 
cooling roller, it is desirable to set it as 13 micrometers or less, and it is still more desirable to set 
it as 7 micrometers or less. 

[0171] Moreover, as shown in drawing 3 and drawing; 4 , in order to form the paddle 6 suitable on 
the front face of the cooling roller 7 which carries out high-speed rotation of the chute 5 top with 
which the alloy molten metal 3 inclined in order to flow slowly by the strip cast method adopted 
by this invention, the magnitude of the kinematic viscosity of the alloy molten metal 3 is 
important. According to the experiment, when the kinematic viscosity of the alloy molten metal 
3 exceeded a 5xl0-6m2/second, it tumed out that a paddle 6 is not formed on a cooling roller 7, 
and a molten metal 3 will serve as a splash and it will not quench it. For this reason, as for the 
kinematic viscosity of the alloy molten metal 3, it is desirable to adjust below to a 5x10- 
6m2/second, and it is still more desirable to adjust below to a Ixl0-7m2/second. 
[0172] If the skin temperature of the above-mentioned chute 5 is too low, before flowing and 
arriving at a cooling roller 7, the kinematic viscosity of the alloy molten metal 3 may become 
high too much. When the skin temperature of chute 5 is 300 degrees C or less, in order that a 
molten metal may be cooled on chute 5 and kinematic viscosity may exceed a 5xl0-6m2/second, 
as for the skin temperature of chute 5, it is desirable to hold at 300 degrees C or more. As for the 
skin temperature of chute 5, it is desirable to hold at 450 degrees C or more, and it is still more 



desirable to hold at 550 degrees C or more. 

[0173] Boron nitride (BN) besides ceramic ingredients, such as an alumina, a silica, a zirconia, a 
magnesia, and a muUite, can be used for the quality of the material of chute 5. It is desirable to 
use the ingredient which contains the alumina (aluminum 203) which is excellent in 
"wettability" with the molten metal of an iron machine rare earth alloy, and cannot react easily 
with rare earth more than 80 volume %. Moreover, in order to make it chute 5 not break by the 
heat shock, porous ceramics are more desirable than the substantia compacta. However, as for 
the front face of the chute with which a molten metal flows, smoothing as much as possible is 
desirable. 

[0174] In order to be stabilized with a cooling roller 7 and to quench an alloy molten metal, it is 
desirable that thermal conductivity produces a cooling roller using the base material of 50 or 
more W/m/K. As a base material of such a cooling roller 7, iron besides copper and a copper 
alloy, carbon steel, a tungsten, molybdenum, beryllium, and a tantalum can be used. In order to 
be stabilized and to cool a molten metal, especially the thing for which the copper whose heat 
conduction is 100 or more W/m/K and a copper alloy or a tungsten, molybdenum, and beryllium 
are used is desirable. 

[0175] It is desirable to carry out a coat with the plating which combined chromium with a 
thickness of 1 micrometer - 100 micrometers, nickel, or them with the front face of the base 
material of a cooling roller 7. Thereby, the fault of a cooling roller base material with a low 
degree of hardness is suppliable low [ the copper melting point ]. Moreover, melting and the 
blemish of the roll base material generated during molten metal cooling in a roll surface can be 
controlled. Consequently, center line granularity Ra of a roll surface can be held to 20 
micrometers or less for a long period of time. As for the thickness of the plating film, it is 
desirable that it is within the limits of 1 micrometer - 100 micrometers from a viewpoint of film 
reinforcement and heat conduction. The still more desirable thickness of the plating film is 5 
micrometers - 70 micrometers, and the most desirable thickness is 10 micrometers - 40 
micrometers. 

[0176] In addition, when the molten metal quenching processing speed per line of the alloy 
molten metal 3 is the following by 1kg/, a paddle 6 is not formed on a cooling roller and the 
stable molten metal quenching condition caimot be maintained. On the other hand, if the molten 
metal quenching processing speed per line of the alloy molten metal 3 becomes above by 4kg/, 
since a molten metal 3 will be supplied more than the volume of the paddle 6 which can be 
formed in a roll surface, the excessive molten metal 3 serves as a splash, and it does not quench 
it. Therefore, as for the molten metal quenching processing speed per line of the alloy molten 
metal 3, it is desirable that it is [ 0.7kg ] the following by 4kg/above by /. Furthermore, the 
desirable range is the following by 3kg/above by 1kg/, and the most desirable range is the 
following by 2kg/above by 1kg/. It is desirable to make into two or more articles the molten 
metal supplied on a cooling roller using a guide as shown in dra wing 4 from a viewpoint of 
mass-production nature. When passing the molten metal of two or more articles, it is desirable to 
prepare suitable spacing which molten metals do not contact. 

[0177] With this operation gestalt, the roll surface velocity of a cooling roller 7 is set [ second ] 
up a second in 10m /or more 26m /or less. An alpha-Fe phase can control a deposit more 
effectively because roll surface velocity carries out [ second ] in 10m /or more. However, if roll 
surface peripheral velocity exceeds a second in 26m /, the paddle 6 of the molten metal which 
should be generated on a roll is not stabilized, and since it will be in the condition that a molten 
metal can bound off (a splash occurs), a desired molten metal quenching condition cannot be 



acquired. The more desirable upper limit of roll surface velocity is 23m/second or less, and a still 
more desirable upper limit is 20m/second or less. 

[0178] The generation condition of a paddle 6 is influenced by not only except roll surface 
velocity but the molten metal speed of supply to a cooling roller 7. In order to maintain the 
generation condition of the stable paddle 6, it is desirable to adjust within limits which 
mentioned above the molten metal speed of supply per flow of the molten metal supplied to a 
cooling roller 7. 

[0179] With this operation gestalt, the pressure of quenching ****** adjusted to 0.13 or more- 
kPa less than 100 kPa. When the pressure of a quenching ambient atmosphere is set to less than 
0.13 kPas, an alloy molten metal sticks to a cooling roller front face, and there is a possibility 
that it may become impossible to exfoliate a quenching alloy from a roll. On the other hand, if 
the pressure of a quenching ambient atmosphere becomes large exceeding lOOkPa(s), a 
controlled atmosphere will be involved in between a cooling roller front face and an alloy molten 
metal, and it will become easy to produce a gas pocket. If a gas pocket is formed, since a uniform 
quenching condition will not be acquired but it will become a heterogeneous quenching 
organization, it is stabilized and it becomes impossible to acquire a supercooling condition. The 
desirable pressure range of a quenching ambient atmosphere is [ 10 or more kPas 70 or less kPa 
and the still more desirable range of 1 .3 or more kPas 90 or less kPa and the more desirable 
range ] 10 or more-kPa 60 or less kPa. The most desirable range is 30 or more-kPa 50 or less 
kPa. 

[0180] Since the adhesion of the alloy molten metal to a cooling roller front face improves and 
the high cooling effect is given to homogeneity when quenching an alloy molten metal as 
mentioned above, a quenching alloy is formed appropriately and the trouble of coiling around a 
cooling roller stops almost arising. 

[0181] [Organization of quenching alloy] drawing 7 shows typically how the cross-section 
organization of a quenching alloy changes by the existence of addition of Ti. 
[0182] First, since the quenching alloy (ribbon) produced by the strip cast method becomes 
thicker than the quenching alloy produced by the melt spinning process, crystal grain is formed 
near the free surface (the field which does not contact a cooling roller: upper limit side) of a 
quenching alloy, so that drawing 7 may show. Moreover, crystal grain is formed also [ near the 
roll side (the field in contact with a cooling roller: lower limit side) ]. This is for an ununiformity 
nucleus to tends to be generated by the roll side and for crystal growth to tend to advance around 
an ununiformity nucleus. With the quenching alloy which is at the strip cast method and was 
produced, the size of crystal grain and the volume density of crystal grain become small as a film 
center section is approached from each end face. 

[0183] When Ti is added, the crystal grain formed is generally small, especially alpha-Fe is 
detailed and there are also few numbers. And in the membranous center section, the crystalline 
substance layer which an amorphous part tends to exist and is formed in a roll side side is thinner 
than the crystalline substance layer formed in a free-surface side. Furthermore, when Ti is added, 
iron machine boride (Fe-B) deposits. On the other hand, when Ti is not added, the size of crystal 
grain is large and especially its alpha-Fe is big and rough. As for the cooling rate of a free 
surface, big and rough crystal grain becomes is easy to be formed in a free-surface side, so that a 
quenching alloy becomes thick, in order to fall so that a quenching alloy becomes thick. For this 
reason, the magnet property finally acquired will fall, so that a quenching alloy is thickened. 
However, since addition of Ti has the effectiveness which controls big and rough-ization of 
crystal grain, it becomes easy to form a quenching alloy thickly. In the case of this operation 



gestalt, it is possible to set the thickness of a quenching alloy as the range of about 50-200 
micrometers. From the configuration of the powder particle after grinding which can be set, or a 
viewpoint of magnetic properties, the desirable thickness of a quenching alloy is 60-150 
micrometers, and still more desirable thickness is 70-120 micrometers. Thus, according to this 
invention, a nano composite magnet with the magnetic properties which produced the quenching 
alloy with a difficult thickness of 80 micrometers or more, and were excellent in the 
conventional technique can be obtained. In addition, in drawing 7 , the twist has also actually 
indicated each crystal grain greatly typically. The size of each actual crystal grain is small to 
extent which is not illustratable. 

[0184] According to the high-speed strip cast method concerning this operation gestalt, in the 
cross-section central part of a quenching alloy, even if an amorphous substance exists, a 
crystalline substance part exists in a free-surface and roll side (two end faces which cross 
thickness direction) side. And since big and rough-ization of alpha-Fe is controlled when Ti is 
added, it becomes the thing excellent in the magnet property, the peripheral velocity of a cooling 
roller is markedly alike from before as a strip cast method, since it is quick, crystal grain is not 
made big and rough, but a quenching alloy with the organization suitable for a nano composite 
magnet is obtained. Moreover, since the alloy after quenching (ribbon) has the organization in 
which a crystal phase exists near both sides of the free surface and a roll side, even when 
grinding a quenching alloy before heat treatment, grinding of a quenching alloy becomes easy 
and its efficiency of comminution improves. 

[0185] In addition, in order to continue holding magnetization of sufficient level even if a strong 
demagnetizing field acts on a magnet when the nano composite magnet finally obtained by the 

manufacture approach of this operation gestalt is used for a motor, to have the high proper 
coercive force HcJ of 600 or more kA/m is desired. Thus, in order to realize high coercive force, 
it is necessary to make the rate of a volume ratio of the R2Fel4B mold compound phase 
contained all over the metal texture of a quenching alloy 60% or more. 
[0186] The presentation of the iron machine rare earth alloy in this operation gestalt has low R 
concentration compared with the stoichiometric composition of an R2Fel4 B-phase mold 
compound, and is high. [ of B concentration ] In such a presentation, B which exists 
superfluously combines with iron and becomes easy to form iron machine boride by addition of 
Ti. The iron machine boride obtained by addition of Ti has the size of nano meter order, and is 
ferromagnetism. It becomes possible to discover the hard magnetic property of the iron machine 
rare earth alloy magnet which has the same stoichiometric composition as R2Fel4B, and 
equivalent level, without addition of Ti not only controlling the big and rough deposit of Fe, but 
this iron machine boride and an R2Fel4B mold compound phase joining together firmly, and 
inviting the fall of magnetization by the exchange interaction, in order to generate the above- 
mentioned detailed ferromagnetic iron machine boride. 

[0187] Since the value of saturation magnetization contains [ in the case of the iron machine rare 
earth alloy magnet in this operation gestalt ] the soft magnetism iron machine boride more than 

R2Fel4 B phase and equivalent level in the same in-house in addition to the R2Fel4 B phase 
which is hard magnetism, magnetic recoil permeability mur becomes high with the alloy which 
has the comparable coercive force HcJ compared with the iron machine rare earth alloy magnet 
which does not contain iron machine boride. The presentation ratio y of rare earth R shows the 
value of 1.1-1.4 in the range of under 10 atom % more than 8.5 atom %, and, specifically, as for 
recoil permeability mur in the iron machine rare earth alloy magnet of this operation gestalt, the 
presentation ratio y shows the value of 1 .2-2.0 in the range below 8.5 atom % more than 7 atom 



%. In addition, as for the residual magnetic flux density Br of the magnet of this operation 
gestalt, the presentation ratio y of 0.7-0.9T, and coercive force HcJ is 600 - 1200 kA/m in the 
range under of 10 atom % more than 8.5 atom %, and, as for a residual magnetic flux density Br, 
the presentation ratio y of 0. 75-0. 95 T, and coercive force HcJ is 500 - 950 kA/m in the range 
below 8.5 atom % more than 7 atom %. In addition, measurement of recoil permeability mur. It 
carried out to C 2501-1989 of JIS by the approach of a publication. Recoil permeability mur is 
the parameter of a proper at the alloy which the alloy with which nano composite structure was 
formed, i.e., a hard magnetism phase, and the soft magnetism phase crystallized, and was 
magnetically combined by the exchange interaction. 

[0188] Recoil permeability mur becomes an important index, when using a magnet for a motor 
and evaluating the magnetic engine performance. Hereafter, this point is explained. That is, if the 
rotational speed of a motor is made to increase, when back EMF will increase and the magnitude 
of back EMF will become equal to input voltage, the rise of a motor rotational frequency stops. 
In order to raise the rotational frequency of a motor further, when the magnet operating point (- 
B/H) lowers to a low permeance side electrically, it is necessary to make back EMF low (field- 
weaking control). The effectiveness of raising the upper limit of a motor rotational frequency 
further by such control is so remarkable that magnetic recoil permeability mur is high. The 
magnet by this invention is suitably used to a motor, in order to show recoil permeability mur 
high as mentioned above. 

[0189] in addition, since it is late, if Ti is not added compared with the peripheral velocity (for 
example, 20m/(second) or more) realized by the melt spinning process although it is [ that the 
peripheral velocity of a cooling roller is / as a strip cast method / this invention / former / alike, 
and ] quick, alpha-Fe will have priority over an R2Fel4B system compound, and it will deposit, 
and will be made big and rough. 

[0190] The quenching alloy obtained by the quenching approach explained above receives heat 
treatment, after being ground. 

[0191] The size (mean particle diameter or average major-axis die length) of the R2Fel4B mold 
compound phase in the alloy after heat treatment needs to be set to 300nm or less which is 
uniaxial crystal particle size, it is desirable that it is [ 20nm or more ] 200nm or less, and it is still 
more desirable that it is [ 20nm or more ] lOOnm or less. On the other hand, if the diameter of 
average crystal grain of an iron machine boride phase or an alpha-Fe phase exceeds 50nm, since 
the exchange interaction committed to each configuration interphase will become weaker and the 
square shape nature of a demagnetization curve will deteriorate, (BH) max will fall. If these 
diameters of average crystal grain are less than Inm, it becomes impossible to acquire high 
coercive force. As for the mean particle diameter of soft magnetism phases, such as a boride 
phase from the above thing, and an alpha-Fe phase, it is desirable that it is [ Inm or more ] 50nm 
or less, and it is still more desirable that it is 30nm or less. 

[0192] The size (particle size) of the powder particle finally obtained from the alloy produced by 
the manufacture approach by this invention is 10-300 micrometers preferably, and is 50-150 
micrometers more preferably. Furthermore, the range of a desirable particle size is 80-1 10 
micrometers. 

[0193] In this way, the average percentage (aspect ratio) of minor-axis size to the major-axis size 
of the obtained powder particle is 0.3 to about 1.0. To powder particle size, since it is thick 
enough, the powder particle of the configuration near a homaxial configuration is easy to obtain 
the thickness of the quenching alloy produced with this operation gestalt. On the other hand, 
since the thickness of the quenching alloy produced by the usual melt spinning is as thin as about 



20-40 micrometers, on the same grinding conditions as this operation gestaU, the powder particle 
of the shape of a small flake of an aspect ratio is obtained. Since the powder obtained with this 
operation gestalt has an aspect ratio close to 1, it is excellent in restoration nature or a fluidity, 
and the the best for a bond magnet. 

[0194] Thus, the coercive force HcJ of the obtained magnetic powder can show the value of 600 
or more kA/m. 

[0195] It explains comparing with the conventional quenching magnet powder the oxidation 
resistance of the magnetic powder (nano composite magnetic powder is called hereafter.) finally 
obtained from an alloy by the manufacture approach by [particle-size-distribution dependency of 

oxidation resistance [ of magnetic powder ], and magnetic properties] this invention, and the 
particle-size-distribution dependency of magnetic properties. 

[0196] Here, the nano composite magnetic powder by this invention is compared with MQP-B 
and MQP-0 (for all, a maximum grain size is 300 micrometers or less) which are marketed from 
MQI as conventional quenching magnet powder. In addition, the sample of the nano composite 
magnetic powder by this invention is the following, and was made and produced. 
[0197] first, the quenching alloy (Nd:9 atom % — ) produced by the same approach as the 
example 1 mentioned later B:l 1 atom %, Ti:3 atom %, Co:2 atom %, the alloy of Remainder Fe, 
Average thickness : After grinding 70 micrometers and the standard deviation of sigma:13 
micrometers to 850 micrometers or less, It heat-treated by throwing in powder using the hoop 
belt fumace which has a soaking zone with a die length of about 500mm with 20g speed of 
supply for /the bottom of Ar style mind, and into the fumace part [ for belt feed-rate/of 100mm ] 
held at 680 degrees C, and magnetic powder was obtained. That to which the aspect ratio ground 
the obtained magnetic powder using the pin disc mill so that it might become the particle size 
distribution included about 30% on volume criteria about or more 0.4 1.0 or less powder was set 
to sample NCP-0 of nano composite magnetic powder. 

[0198] Oxygen content and magnetic properties after leaving each magnetic powder in 
atmospheric air for 1 hour at various temperature (23 degrees C, 300 degrees C, and 350 degrees 
C) are shown in Table 1 . Magnetic properties were measured using the oscillating-type 
magnetometer. With the result measured at 23 degrees C, the result measured after leaving it at 
300 degrees C and 350 degrees C in atmospheric air for 1 hour, respectively is doubled and 
shown. 

[0199] As shown in Table 1, when it was left at 300 degrees C in atmospheric air for 1 hour, the 
oxygen content increased to 0.67 mass %, and when MQP-B was left at 350 degrees C for 1 
hour, it increased to 1 .93 mass %. When it was left at 300 degrees C for 1 hour, the oxygen 
content increased to 0.24 mass %, and when MQP-0 was left at 350 degrees C for 1 hour, it 
increased to 0.59 mass %. 

[0200] On the other hand, the oxygen content after an oxygen content's increasing only to 0.10 
mass % even if it leaves nano composite magnetic powder NCP-0 at 300 degrees C in 
atmospheric air for 1 hour, but leaving it at 350 degrees C for 1 hour is to 0.20 mass %, and it 
tums out that it excels in oxidation resistance as compared with the conventional quenching 

magnet powder. 

[0201] Moreover, the result of having measured the heating mass rate of increase of each 
magnetic powder using the thermobalance is shown in drawing 15 . In addition, the heating 
ambient atmosphere considered the programming rate as a part for 10-degree-C/in atmospheric 
air. Nano composite magnetic powder NCP-0 has few increments in mass by oxidation compared 
with MQP-B or MQP-0, and it is excellent in oxidation resistance so that drawing 15 may show. 



[0202] Next, when seen about the magnetic properties of Table 1, the fall of magnetic properties 
of MQP-B was also remarkable, for example, although (BH) max was left at 23 degrees C for 1 
hour when it was left at 300 degrees C for 1 hour, when it fell to about 65% and was left at 350 
degrees C for 1 hour, it fell to about 30%. Moreover, although (BH) max of MQP-0 was left at 
23 degrees C for 1 hour when it was left at 350 degrees C for 1 hour, it fell to less than about 
80%o. On the other hand, even if it left nano composite magnetic powder NCP-0 at 350 degrees C 
for 1 hour, although the (BH) max was left at 23 degrees C for 1 hour, it fell only to about 90%. 
[0203] Thus, since nano composite magnetic powder is excellent in oxidation resistance, in the 
process (for example, preparation and/or heat curing of a compound) which produces a bond 
magnet, magnetic powder cannot oxidize easily. Therefore, in order to control oxidation of 
magnetic powder, rustproofing of the required magnetic powder can be simplified or omitted 
with the conventional quenching magnet powder (especially MQP-B). Moreover, it is necessary 
to heat resin, for example, and the Plastic solid produced by fabricating a compound needs to 
harden it in order to raise the reinforcement. Although heat hardening needed to be carried out in 
inert gas ambient atmospheres, such as a vacuum or Ar, in order to control oxidation of magnetic 
powder when the conventional quenching magnet powder was used, it becomes possible by 
using nano composite magnetic powder to carry out heat hardening in atmospheric air. That is, 
by using nano composite magnetic powder, the production process of a bond magnet can be 
simplified and cost can be reduced. Furthermore, although it was difficult for the conventional 
quenching magnet powder to apply to resin and the bond magnet for injection molding which 
needs the process to knead and the process to fabricate, for example at the temperature of 250 
degrees C - about 300 degrees C since oxidation resistance was low, it can obtain the bond 
magnet produced by injection molding by using nano composite magnetic powder. It is desirable 
to use the magnetic powder prepared so that the oxygen content after leaving it in 1-hour 
atmospheric air at 300-degree-C or more temperature of 350 degrees C or less might become 
below 0.24 mass %, in order to fully acquire the oxidation-resistant advantage which was 
excellent in nano composite magnetic powder, and it is desirable to use the magnetic powder 
prepared so that the above-mentioned oxygen content might become below 0.2 mass %. For 
example, when the magnetic properties for which the bond magnet for various rotating machines 
or actuators is asked are taken into consideration, as magnetic properties of the magnetic powder 
used suitable for these bond magnets, it is in a final condition, and it is desirable to satisfy 
Br>=0.7T, (BH) max>=80 kJ/m3, and HcJ>=600kA/m. If the magnetic powder which has 
above-mentioned oxidation resistance is used, even if it takes into consideration the effect of the 
oxidation in the making process of a bond magnet, the above-mentioned magnetic properties can 
be acquired. 
[0204] 
[Table 1] 



[0205] The nano composite magnetic powder by this invention has the description that a particle- 
size dependency is small, in the magnetic properties for the description of the presentation and an 
organization. Nano composite magnetic powder has the comparatively low content of rare earth 
elements R, the small boride phase is distributing so that R may enclose R2Fel4 B phase in 
addition to a rich grain boundary phase not existing, and further, since compatibility of Ti with 
boron is high, the boride phase contains many Ti rather than other phases. Consequently, nano 
composite magnetic powder is excellent in oxidation resistance compared with the conventional 
quenching magnet powder, and after pulverizing outstanding magnetic properties, it can be 
maintained. 

[0206] Since the conventional quenching magnet powder contains comparatively a lot of rare 
earth elements R, it tends to oxidize, and it becomes remarkable falling [ of the magnetic 
properties by oxidation of a powder particle front face ] it, so that particle size is small. For 
example, in MQP-B (300 micrometers or less of maximum grain sizes), as shown in Table 2, the 
magnetic properties of a powder particle 53 micrometers or less are falling [ particle size ] 
especially by 75 micrometers or less. 125 micrometers which shows the highest value if it sees 
about a residual magnetic flux density Br ~ super — the residual magnetic flux density Br 
(0.79T) of a powder particle 53 micrometers or less is falling to less than 90% to the residual 
magnetic flux density Br (0.90T) of a powder particle 150 micrometers or less, moreover ~ if it 
sees about (BH) max ~ (BH) max (38 micrometers or less and 38 micrometers ~ super- ~ an 
arithmetic average with a value of 53 micrometers or less) of an average of a powder particle 53 
micrometers or less ~ 85.5 kJ/m3 ~ it is ~ 150 micrometers ~ super- ~ it is falling to less than 
75% of 1 14.6 kJ/m3 which is (BH) max(es) (150 micrometers ~ super- ~ 180 micrometers or 
less and 180 micrometers ~ super- ~ an arithmetic average with a value of 212 micrometers or 
less) of an average of a powder particle 212 micrometers or less. 

[0207] On the other hand, nano composite magnetic powder has the low rate of a fall of the 
magnetic properties by oxidation, and its particle-size dependency of magnetic properties is 
small. For example, in nano composite magnetic powder NCP-0 (300 micrometers or less of 
maximum grain sizes), as shown in Table 3, it is hardly dependent on particle size, and magnetic 
properties have outstanding magnetic properties, for example, 106 micrometers which shows the 
value with the highest residual magnetic flux density Br — super- ~ the residual magnetic flux 
density Br (about 0.829 T) of a powder particle 53 micrometers or less has 98% or more of value 
to the residual magnetic flux density Br (0.845T) of a powder particle 125 micrometers or less, 
moreover, (BH) max — just — (BH) max of an average of and a powder particle 53 
micrometers or less — 104.6 kJ/m3 ~ it is ~ 150 micrometers — super- ~ it has 98% or more of 



value of 106.6 kJ/m3 which is (BH) max(es) of an average of a powder particle 212 micrometers 
or less, the result of having performed evaluation same about the nano composite magnetic 
powder of various presentations ~ (BH) max of the average of the powder particle 53 
micrometers or less of nano composite magnetic powder about almost all presentations -150 
micrometers — super- ~ it tumed out that it has 90% or more of value of (BH) max of the 
average of a powder particle 212 micrometers or less, and 95% or more of value is acquired 
about many presentations. In addition, evaluation of the particle size distribution of magnetic 
powder was performed using the standard sieve of JIS8801 conformity. 
[0208] 
[Table 2] 



[0209] 
[Table 3] 



[0210] Thus, since nano composite magnetic powder has the conventional quenching magnet 
powder and the magnetic properties more than equivalent, it can be used as magnetic powder for 
bond magnets instead of the conventional quenching magnet powder (for example, MQ powder). 
Of course, although the magnetic powder for bond magnets may be constituted only from nano 
composite magnetic powder, the particle size of the MQ powder mentioned above may transpose 
a powder particle 53 micrometers or less to nano composite magnetic powder, for example. 
[021 1] The effectiveness that restoration nature is improved by mixing a particle (53 



micrometers or less and 38 micrometers or less) in below is explained illustrating an 
experimental result. 

[0212] First, sample NCP-1 to NCP-5 of nano composite magnetic powder which has various 
particle size distributions as shown in Table 4 were produced. In addition, the magnetic powder 
of NCP-1 was prepared by grinding with a power mill using the screen of O.Smmphi, and other 
magnetic powder of NCP-2-NCP-5 was prepared using the pin mill equipment mentioned above 
by setting a rotational frequency to 3000rpm, 4000rpm, 5000rpm, and SOOOrpm, respectively. 
The result of having measured tap density for these magnetic powder sample NCP-1 to NCP-5 
using tap DENS A is shown in Table 5. Mass [ of a powder particle 53 micrometers or less ] % 
and particle size double mass % of the powder particle of 250-micrometer **, and the particle 
size contained in each magnetic powder sample shows in Table 5. 

[0213] Sample NCP-3-NCP-5 in which particle size contains a particle 53 micrometers or less 
more than 10 mass % (strictly more than 9.5 mass %) have tap density as high as three or more 
4.3 g/cm, and it tums out that the restoration nature of magnetic powder is excellent so that the 
result of Table 5 may show. The restoration nature of the magnetic powder evaluated by tap 
density of magnetic powder correlates with the restoration nature of the powder of the compound 
for bond magnets, and the restoration nature of the powder of a compound prepared using the 
high magnetic powder of restoration nature also becomes high. Therefore, by using the magnetic 
powder with which particle size 10 mass % Contains nano composite magnetic powder 53 
micrometers or less, the restoration nature of the powder of the compound for bond magnets and 
a fluidity are improved, and the Plastic solid of high quality can be acquired. 
[0214] 
[Table 4] 



[0215] 
[Table 5] 



[0216] Furthermore, in order to improve a shaping consistency, it is desirable that particle size 
contains a powder particle 38 micrometers or less. Nano composite magnetic powder NCP-1 1 to 
NCP-16 which have the particle size distribution shown in Table 6 were prepared, and the 
compound was obtained by mixing with the epoxy resin of 2 mass %, respectively. The bond 
magnet Plastic solid was acquired by pressing by compacting pressure 980MPa (10t/cm2) using 
each compound. The particle size in the magnetic powder used for each compound shows the 
consistency of each bond magnet Plastic solid to drawing 16 with the content of a powder 
particle 38 micrometers or less. 
[0217] 
[Table 6] 



[0218] Even if the content of a powder particle 38 micrometers or less is too low and it is too 
high so that drawing 16 may show, the consistency of a Plastic solid falls. As a result of 
examining many things, in order to obtain sufficient Plastic solid consistency, it is desirable to 
use the magnetic powder with which particle size contains a powder particle 38 micrometers or 
less more than about 8 mass %. However, if particle size uses the magnetic powder with which 
the content of a powder particle 38 micrometers or less exceeds about 16 mass %, a moldability 
falls and the high-definition Plastic solid of a high consistency may not be acquired. 
[0219] [Explanation of the manufacture approach of a compound and a magnet object] The 
magnetic powder for bond magnets containing above-mentioned nano composite magnetic 
powder is mixed with binders, such as resin, and the compound for bond magnets is 
manufactured. 

[0220] The compound for injection molding is manufactured by kneading magnetic powder and 
thermoplastics using well-known kneading equipment (for example, a kneader and an extruder). 
Moreover, the compound for compression molding mixes the thermosetting resin and magnetic 
powder which were diluted with the solvent, and is manufactured by removing a solvent. If 
needed, the mixture of the magnetic powder and resin which were obtained is cracked so that it 
may become a predetermined grain size. By adjusting the conditions of a crack etc., it is good 
also as granularity. Moreover, you may com the powder ingredient obtained by grinding. 
[0221] In order to improve the corrosion resistance of magnetic powder, well-known surface 
treatment, such as chemical conversion, may be beforehand performed on the surface of 
magnetic powder. Furthermore, in order to improve further the corrosion resistance of magnetic 
powder, wettability with resin, and the moldability of a compound, lubricant, such as a ceramic 



ultrafine particle, zinc stearates, calcium stearates, etc., such as various coupling agents, such as 
a silane system, a titanate system, an aluminates system, and a zirconate system, and colloidal 
silica, may be used, and a thermostabilizer, a flame retarder, a plasticizer, etc. may be used. 
[0222] Since the compound for magnets is used for applications various by the various shaping 
approaches, according to an application, the class of resin and the rate of a compounding ratio of 
magnetic powder are decided suitably. As resin, these denaturation objects, a copolymer, 
mixture, etc. can be used for thermoplastics, such as thermosetting resin, such as an epoxy resin, 
phenol resin, and melamine resin, polyamides (Nylon 66, nylon 6, Nylon 12, etc.), and 
polyethylene, polypropylene, a polyvinyl chloride, polyester, polyphenylene sulfide, rubber, an 
elastomer, and a pan, for example. 

[0223] Furthermore, since the restoration nature and/or the moldability of a compound are 
improved with the magnetic powder of this invention, the resin of the hyperviscosity for which 
using conventionally was difficult can also be used. Furthermore, since the resin (for example, 
the amount grade article of giant molecules of various resin, such as polyimide and a liquid 
crystal polymer) which the melting point or softening temperature is high, and was not able to be 
conventionally used since magnetic powder could not oxidize easily can be used, the properties 
(thermal resistance etc.) of a bond magnet are improvable. Moreover, when using thermosetting 
resin, the resin hardened at temperature higher than before can be used. 
[0224] As the shaping approach, compression molding, rolling shaping, calender shaping, 
extrusion molding, and injection molding can be illustrated. Among these shaping approaches, 
although only the Plastic solid of a comparatively simple configuration can be fabricated in 
compression molding, rolling shaping, and extrusion molding, since a not much high fluidity is 
not required at the time of shaping, in them, the filling factor of magnet powder can be made 
high. By using the magnetic powder by this invention, a magnetic powder filling factor still 
higher (for example, it exceeds 80%) than before can be reahzed, and it can be filled up to about 
90% at the maximum. However, since the resin for fully combining magnetic powder runs short 
and there are a fall of the mechanical reinforcement of a bond magnet and a possibility that 
omission of magnetic powder may arise at the time of use when a filling factor is gathered too 
much, 85% or less of a magnetic powder filling factor is desirable. Moreover, the advantage that 
the bad influence to the resin coat which can decrease in number and forms in a front face the 
amount of the opening (void) formed on the surface of a Plastic solid can be controlled is 
acquired by using the magnetic powder of this invention in compression molding. Thermosetting 
resin, thermoplastics, rubber, etc. are suitably used for these shaping approaches. 
[0225] Since a fluidity will improve if the magnetic powder by this invention is used, it is used 
especially suitable for the compound for injection molding. In the compound using the 
conventional quenching magnet powder, shaping can acquire the Plastic solid of the difficult 
complicated configuration. Moreover, since magnet powder can be blended by the filling factor 
(for example, it exceeds 65%o) higher than before, the magnetic properties of a magnet object can 
be improved. Furthermore, since there is comparatively little content of rare earth elements, the 
magnetic powder by this invention cannot oxidize easily. Therefore, using thermoplastics or 
thermoplastic elastomer with comparatively high softening temperature, even if it performs 
injection molding at comparatively high temperature, magnetic properties do not fall. 
[0226] It excels in thermal resistance, and since the bond magnet using the conventional 
quenching magnet powder and the bond magnet which has the magnetic properties more than 
equivalent can be formed, the compound for bond magnets by [application of bond magnet] this 
invention is used suitable for various applications, while having the outstanding restoration 



nature (moldability) compared with the compound using the conventional quenching magnet 
powder (for example, product name MQP-B made from MQI), as mentioned above. 
[0227] The example applied to the stepping motor is explained referring to drawing 17 . 
[0228] Drawing 17 is the decomposition perspective view showing typically the configuration of 
the stepping motor 100 equipped with a permanent magnet rotator mold. The stepping motor 100 
has the stator section 102 prepared around Rota 101 and Rota 101. Rota 101 is equipped with the 
bond magnet which magnetized the peripheral face with an outer diameter of 8mm equally to the 
ten poles. The stator section 102 is equipped with outside York 102a and 102b, two inner York 
103 mutually joined to these back to back, and the exiting coils 104a and 104b held among these. 
This stepping motor 100 is the so-called PM mold pulse motor which performs actuation whose 
Rota 101 displaces only 1 step angle with the magnetomotive force of the exiting coils 104a and 
104b corresponding to 1 pulse current. 

[0229] The bond magnet with which Rota 101 is equipped is excellent in a mechanical property, 
does not have a possibility that a chip etc. may occur and is excellent in dependability while it is 
formed using the compound excellent in the restoration nature (moldability) by this invention 
mentioned above and has the magnetic properties more than the bond magnet using the 
conventional quenching magnet powder, and an EQC. Moreover, it excels also in thermal 
resistance. 

[0230] A stepping motor equipped with the bond magnet formed using the compound by such 
this invention is small and highly efficient, and is excellent in dependability, and is used suitable 
for AV equipments, such as OA equipment and cameras, such as a printer and disk drive 
equipment, and video, etc. 

[0231] Rota 101 can be manufactured by various approaches. For example, you may form by 
pressing the compound using thermosetting resin, and the compound using thermoplastics may 
be formed injection molding or by carrying out extrusion molding. Hereafter, the manufacture 
approach of Rota 101 is explained, referring to drawing 18 . 

[0232] For example, when using the compound which uses thermosetting resin as a binder. Rota 
200 of a die can really [ bond magnet ] which is shown in drawing 18 (d) be produced by 
adopting the shaping approach which is explained while referring to drawin g 18 (a) - (c). 
[0233] Rota 200 shown in drawing 18 (d) is equipped with a rotor shaft 205, York 208 
established in the surroundings of it, and the bond magnet 210. The bond magnet 210 is pasted 
up on the front face 212 of York 208. 

[0234] Rota 200 is manufactured at the process shown in (c) from drawing 18 (a). 
[0235] First, it is filled up with a compound 201 in a cavity 202, shding first the feeder box 203 
in which the powder-like compound 201 was held on the top face of metal mold 204, as shown 
ii^ drawing 18 (a). York 208 where the rotor shaft 205 was pressed fit in the center is set to metal 
mold 204, and the auxiliary member 207 is formed so that a rotor shaft 205 may be covered. The 
cavity 202 is formed between metal mold 204 and these. 

[0236] Next, for example, as shown in drawing 18 (b), York 208 and the Plastic solid of a 
compound 201 are physically combined by pressing a compound 201 through upper punch 209. 
[0237] Next, as shown in drawing 18 (c), the Rota Plastic solid is picked out from metal mold 
204. It is removed simply [ an auxiliary member ] from a rotor shaft 205 and York 208 by 207, 
and a rotor shaft 205, York 208, and the bond magnet 210 are unified. However, in this 
condition, the bond magnet 210 is the powder-molding object of a compound, and has not 
hardened the thermosetting resin contained in the compound. 

[0238] Next, in order to harden the bond magnet 210, and in order to strengthen the junction in 



the interface 212 of York 208 and the bond magnet 210, a compound is stiffened at 
predetermined temperature. Curing temperature and the setting time are suitably set up according 
to the resin to be used. 

[0239] Since the compound by this invention contains the magnetic powder which is excellent in 
thermal resistance, it may be a compound suitably hardened with curing temperature higher than 
before. Therefore, the bond magnet 210 excellent in thermal resistance, a mechanical 
characteristic, and bond strength can be formed conventionally. Furthermore, since the 
compound by this invention excels [ magnetic powder / itself] in corrosion resistance, even if it 
performs heat-curing processing in atmospheric air, degradation of a magnet property is very 
small. Therefore, since it is not necessary to perform heat-curing processing by the inert 
atmosphere, process costs are reducible. 

[0240] Since York 208 and a rotor shaft 205, and the bond magnet 210 can be fabricated to 
coincidence at one according to the shaping approach mentioned above, fabricating the ring-like 
bond magnet 210, Rota 200 can be manufactured for high productivity. 
[0241] In addition, although the example hardened after picking out a Plastic solid from metal 
mold 204 was explained, a heating device may be prepared in metal mold 204, and you may 
harden within metal mold 204, and may harden in the condition of having pressurized. 
Furthermore, it is not restricted to compression molding but die Rota can also really [ bond 
magnet ] be formed with injection molding. 

[0242] Moreover, since the compound by this invention has high restoration nature (a 
moldability and/or fluidity) compared with the compound which used the conventional 
quenching magnet powder, a small gap (for example, about 2mm width of face) can be certainly 

filled up with it. Therefore, the compound by this invention is used suitable for manufacture of 
magnet laying-under-the-ground mold Rota 300 (refer to drawing 19 ) used for an IPM (Interior 
Permanent Magnet) mold motor. 

[0243] Magnet laying-under-the-ground mold Rota 300 shown in drawing 19 is equipped with 
the revolving-shaft slot 302 formed in the iron core (for example, 50mm in the diameter of 
80mm, thickness) 301, and the core of an iron core 301, and two or more arc-like magnet slots 
304 formed in the periphery of an iron core 301. Here, eight arc-like magnet slots 304 are 
established and each slot 304 has the two-layer structure of having 1st slot (for example, width of 
face of 3.5mm) 304a, and 2nd slot (for example, width of face of 1 .8mm) 304b. In these slot 
304a and 304b, it is filled up with the compound by this invention, and a bond magnet is formed. 
When the south pole and N pole combine with the stator (un-illustrating) arranged by tums so 
that two or more magnet slots 304 of Rota 300 may be countered, an IPM mold motor is 
obtained. 

[0244] Shaping of a bond magnet can be performed by various approaches. For example, when 
using the compound containing thermosetting resin, compression forming within a slot (for 
example, refer to JP,63-98108,A) can be adopted. Moreover, when using the compound 
containing thermoplastics, an extrusion method and an injection-molding method can be 
adopted. While it can be certainly filled up in slot 304a and 304b and a mechanical characteristic 
and thermal resistance are excellent since the compound by this invention is excellent in 
restoration nature when adopting which shaping approach, the bond magnet which has the 
magnetic properties the former and more than equivalent can be formed. Therefore, it becomes 
possible to produce a highly reliable small IPM mold motor with high performance 
conventionally. 

[0245] The compound by this invention is used suitable for formation of the bond magnet which 



the angle sensor (rotary encoder) 400 shown in drawing 20 (a) has. 

[0246] The rotary encoder 411 shown in drawing 20 (a) is equipped with Rota 414 which has a 
revolving shaft 413, the rotating drum 416 connected with the revolving shaft 413, and two or 
more bond magnets 415 joined to the peripheral face of a rotating drum 416, and the detector 417 
which estranged to the peripheral face of Rota 414 and has been arranged. If change of the 
magnetic flux from Rota 414 is detectable, a detector 417 is not limited especially, for example, 
a hall device, a magnetic resistance element, and the magnetic impedance effectiveness 
component can be used for it. Moreover, the revolving shaft 413 is connected with the motor 
412. The detector 17 is connected to the measurement section which is not illustrated. 
[0247] The bond magnet 415 formed using the compound by this invention is the thing of the 
shape of a cylinder as shown in drawing 20 (b), and N pole and the south pole are arranged by 
turns along with the peripheral face of a rotating drum 416. Junction to the bond magnet 415 and 
a rotating drum 416 is performed by adhesives etc. A rotating drum 416 may be formed using a 
metallic material, and may not be a magnetic material. 

[0248] This rotary encoder 400 operates as follows. Rotation of the revolving shaft 413 of a 
motor 412 rotates Rota 414 according to the rotation. At this time, the sense of the magnetic flux 
which the bond magnet 415 arranged at the peripheral face of Rota 414 forms in a detector 417 
changes according to rotation of Rota 414. A detector 417 generates the output signals (variation 
of an electrical potential difference, or variation of a current) equivalent to change of the sense of 
this magnetic flux, and outputs them to the measurement section (un-illustrating). Thus, the 
rotation (include angle) of a motor 412 is measured. 

[0249] Since the compound by this invention can form the bond magnet which is excellent in 

restoration nature (a moldability, fluidity), and has the magnetic properties the former and more 
than equivalent, and is excellent in a mechanical characteristic or thermal resistance 
conventionally, it is small and it becomes possible to produce a reliable angle sensor with high 
performance. 

[0250] Furthermore, the compound by this invention is used suitable for formation of the bond 
magnet for a magnetic roll explained while referring to drawing 21 (a) and (b). 
[0251] Drawing 21 (a) is the sectional view showing the structure of the process cartridge 501 
for electrophotography typically. The cartridge 501 has in one the electrification roller 502, the 
developer 511, and the cleaning equipment 5 12 for the photoconductor drum 5 10 by which a 
rotation drive is carried out, and a photoconductor drum 510 being charged in the direction of 
arrow-head A. 

[0252] A developer 51 1 is equipped with the development container 509 which holds a toner 
513, and the development sleeve 506 is arranged by opening of the development container 509 
pivotable so that a photoconductor drum 510 may be countered. Moreover, the developer 51 1 is 
equipped with the elastic blade 514, and the elastic blade 514 contacts the development sleeve 
506, and it regulates the thickness of the toner 5 13 in which support conveyance is carried out by 
the development sleeve 506. 

[0253] Drawing 21 (b) is the sectional view showing typically the configuration of the developer 
511 which a process cartridge 501 has. 

[0254] The development sleeve 506 is formed by the non-magnetic material, and is supported by 
the development container 509 pivotable through bearing. In the development sleeve (for 
example, diameter of 10mm) 506, the magnetic roll (for example, diameter of 8.5mm) 507 is 
arranged. Notch 507a- 1 is formed in shank 507a of the magnetic roll 507, and when notch 507a- 
1 engages with the development container 509, the magnetic roll 507 is being fixed. The 



magnetic roll 507 has the development pole SI in a photoconductor drum 510 and the location 
which counters, and has S2 pole, Nl pole, and N2 pole in other locations. 
[0255] Toner leakage is prevented by arranging the magnet 508 so that the development sleeve 
506 may be surrounded, forming a magnetic curtain in the gap g with the development sleeve 
506, and holding a toner in a gap with this magnetic curtain. 

[0256] Since the magnetic roll 507 is formed using the compound by this invention, it has the 
conventional magnet and the magnetic properties more than an EQC, and excels also in a 
mechanical characteristic or thermal resistance. Therefore, the engine performance can be 
improved while ** which miniaturizes the magnetic roll 507 and the development sleeve 506 
further rather than before is possible. The magnetic roll formed using the compound by this 
invention is applicable also to the developer and development cartridge in a copying machine or 
a laser beam printer. 
[0257] 

[Example] (Example 1) It has the presentation shown in the following table 7, weighing capacity 
of B, Fe, Ti, Nd, and Nb of 99.5% or more of purity was carried out so that a total amount might 
become 600g (g), and it supplied to the crucible made from an alumina. Then, these alloy raw 
materials were dissolved in the argon (Ar) ambient atmosphere of pressure 70kPa by high- 
frequency heating, and the alloy molten metal was produced. After molten metal temperature 
reached 1500 degrees C, it cast on the copper mold which carried out water cooling, and the 
plate-like alloy was produced. 

[0258] After grinding the obtained alloy, the piece of grinding of 25mg (mg) was dissolved, and 
the coagulation process of an alloy molten metal was analyzed by part for cooling rate/of 20 
degrees C using the differential calorimeter (DTA) in Ar air current. A measurement result is 
shown in Table 7. 
[0259] 
[Table 7] 



[0260] Sample No. 1-5 are the sample which added Nb in addition to Ti here, and sample No. 6-7 
are the sample which did not add Nb. 

[0261] the rightmost column of Table 7 ~ each ~ the temperature by which the coagulation 

process of an alloy molten metal is characterized is indicated about the alloy molten metal of 
sample No. 1-7. The temperature "1st [ temperature ]" is written shows the temperature 
("liquidus-line temperature") which the first coagulation produced in the process which cools an 
alloy molten metal. The temperature "2nd [ temperature ]" is written shows the temperature 
("congealing point") which the next coagulation produced at temperature lower than liquidus-line 
temperature in the process which cools an alloy molten metal. Specifically, such temperature is 



the temperature by which the exothermic peak was observed with the differential heat 
calorimeter (DTA). 

[0262] Drawing 8 is a graph which shows DTA of sample No.2 (Nb addition) and sample No. 6 
(Nb additive-free). In the case of sample No.2, as compared with sample No. 6, the temperature 
of the first exothermic peak which arises in a cooling process, i.e., liquidus-line temperature, 
("1st") is falling by 60 degrees C or more so that clearly from drawing 8 . 
[0263] This first exothermic peak may originate in the compound phase of titanium, such as 
TiB2, and boron depositing. In this example, since Ti and boron are conventionally added to high 
concentration, the compound (high-melting) of titanium and boron is easy to be formed, and it is 
presumed that the deposit temperature is high. By the conventional presentation system (Fe3 
B/Nd2Fel4B system) which does not add Ti, the liquidus-line temperature of an alloy molten 
metal was about 1200 degrees C or less. By this invention, by adding Nb with Ti, the deposit 
temperature of such a compound falls and it is thought that the liquidus-line temperature of an 
alloy molten metal fell. 

[0264] To use the alloy of sample No. 6 (example of a comparison), it is necessary to perform 
strip casting with the high tapping temperature of about 1350 degrees C but, and when using the 
alloy of sample No.2 (example), it is possible to set tapping temperature as about 1250 degrees 
C. Thus, if tapping temperature is reduced, the R2Fel4B mold compound which deposits early 
by the cooling process of a molten metal, and big and rough-ization of TiB2 will be controlled, 
and a magnet property will improve. 

[0265] (Example 2) It has the presentation shown in the following table 2, weighing capacity of 
B, Fe, Ti, Nd, and C of 99.5% or more of purity was carried out so that a total amount might be 

set to 600g, and it supplied to the crucible made from an alumina. Then, these alloy raw 
materials were dissolved in the argon (Ar) ambient atmosphere of pressure 70kPa by high- 
frequency heating, and the alloy molten metal was produced. After molten metal temperature 
reached 1500 degrees C, it cast on the copper mold which carried out water cooling, and the 
plate-like alloy was produced. 

[0266] After grinding the obtained alloy, the piece of grinding of 25mg (mg) was dissolved, and 
the coagulation process of an alloy molten metal was analyzed by part for cooling rate/of 20 
degrees C using the differential heat calorimeter (DTA) in Ar air current. A measurement result 
is shown in Table 8. 
[0267] 
[Table 8] 



[0268] the sample in which sample No. 8-13 added C with Ti here ~ it is ~ sample No. ~ 15 are 
the sample which did not add 14-C. 

[0269] the rightmost column of Table 8 ~ each ~ the temperature by which the coagulation 



process of an alloy molten metal is characterized is indicated about the alloy molten metal of 
sample No.8-15. The temperature "1st [ temperature ]" is written shows the temperature 
("liquidus-line temperature") which the first coagulation produced in the process which cools an 
alloy molten metal. The temperature "2nd [ temperature ]" is written shows the temperature 
("congealing point") which the next coagulation produced at temperature lower than liquidus-line 
temperature in the process which cools an alloy molten metal. Specifically, such temperature is 
the temperature by which the exothermic peak was observed with the differential heat 
calorimeter (DTA). 

[0270] Drawing 9 is a graph which shows DTA of sample No.8 (C addition) and sample No. 14 

(C additive-free). In the case of sample No.8, as compared with sample No. 14, the temperature 
of the first exothermic peak which arises in a cooling process, i.e., liquidus-line temperature, 
("Isf ) is falling by about 40 degrees C so that clearly from drawing 9 . 
[0271] This first exothermic peak may originate in the compound phase of titanium, such as 
TiB2, and boron depositing. In this example, since Ti and boron are conventionally added to high 
concentration, the compound (high-melting) of titanium and boron is easy to be formed, and it is 
presumed that the deposit temperature is high. By the conventional presentation system (Fe3 
B/Nd2Fel4B system) which does not add Ti, the liquidus-line temperature of an alloy molten 
metal was about 1200 degrees C or less. In the example of this invention, by having added C 
with Ti, the deposit temperature of such a compound falls and it is thought that the liquidus-line 
temperature of an alloy molten metal fell. 

[0272] To use the alloy of sample No. 14, it is necessary to perform strip casting etc. with the 
high tapping temperature of about 1350 degrees C but, and when using the alloy of sample No.8 

(example), it is possible to set tapping temperature as about 1300 degrees C. Thus, if tapping 
temperature is reduced, the R2Fel4B mold compound which deposits early by the cooling 
process of a molten metal, and big and rough-ization of TiB2 will be controlled, and a magnet 
property will improve. 

[0273] Next, it has the presentation shown in Table 8, weighing capacity of B, Fe, Ti, Nd, and C 
of 99.5% or more of purity was carried out so that a total amount might be set to 15g, and it 
supplied to the quartz crucible which has an orifice with a diameter of 0.8mm at the pars basilaris 
ossis occipitalis. Then, these alloy raw materials were dissolved in Ar ambient atmosphere of 
pressure 1. 33-47. 92kPa by high-frequency heating, and the alloy molten metal was produced. 
After molten metal temperature reached 1350 degrees C, the surface of hot water was 
pressurized by Ar gas, and the molten metal was dropped at the peripheral face of the cooling 
roller located caudad 0.7mm from the orifice. A cooling roller is a product made from a pure 
copper, and it was rotated so that a peripheral face rate might become a second in 15m /. Contact 
to such a cooling roller quenched the alloy molten metal, and it solidified. In this way, the thin 
band of the continuous rapid solidification alloy with a width of face [ of 2-3mm ] and a 
thickness of 20-50 micrometers was obtained. Drawing 10 is a graph which shows the pattem of 
XRD of sample No.8 and sample No. 14. In the case of sample No.8, there are many rates of the 
crystalline structure to the amorphous substance occupying most sample No. 14 so that clearly 
from drawing 10 . 

[0274] This rapid solidification alloy thin band was held for 6 - 8 minutes in [ heat-treatment- 
temperature ] 600-800 degrees C in Ar ambient atmosphere, and it cooled to the room 
temperature after that. Then, the magnetic properties of a quenching alloy thin band (die length 
of 3-5mm) were evaluated using VSM. A measurement result is shown in Table 9. 
[0275] 



[Table 9] 



[0276] Next, the raw material alloy which has the same presentation as sample No. 13 of Table 8 

was prepared, and the quenching alloy was produced using strip cast equipment as shown in 
drawing 3 . Weighing capacity of B, Fe, Ti, Nd, and C of 99.5% or more of purity was 
specifically carried out so that a total amount might be set to 10kg, and it supplied to dissolver. 
Then, these alloy raw materials were dissolved in Ar ambient atmosphere of pressure 30kPa by 
high-frequency heating, and the alloy molten metal was produced. After molten metal 
temperature reached 1350 degrees C, the molten metal was passed to the chute. The molten 
metal flowed the chute top smoothly and was cooled by the cooling roller. Surface peripheral 
velocity of a cooling roller was carried out in 12m/second. 

[0277] In this way, the obtained quenching alloy (average thickness: about 80 micrometers) was 
held for 6 - 8 minutes in [ heat-treatment-temperature ] 740 degrees C in Ar ambient atmosphere, 
and it cooled to the room temperature after that. Then, the magnetic properties of a quenching 
alloy were evaluated using VSM. 

[0278] For the residual magnetic flux density Br, 0.79T and coercive force HcJ were [ 1090 

kA/m and maximum MAG energy-product (BH) max of the measurement result ] 102 kJ/m3. It 
turns out that the almost equivalent property was acquired as compared with the magnetic 
properties of sample No. 8 which show these magnetic properties in Table 9. 
[0279] Next, the rate (the rate p of an atomic ratio) that C occupies to the sum total of (B+C) 
measured [ 0.25 or less sample and p ] XRD and a demagnetization curve about the sample 
exceeding 0.25. 

[0280] Drawing 11 shows the XRD pattem before heat treatment of Nd9Fe73B12.6Cl.4Ti4 
(example: p= 0.1) and Nd9Fe73B7C7Ti4 (the example of a comparison: p= 0.5). These samples 
were produced like the example which mentioned all above, although presentations differed. In 
addition, drawing 12 shows the demagnetization curve of Nd9Fe73B12.6Cl.4Ti4 (example) and 
Nd9Fe73B7C7Ti4 (example of a comparison). 

[0281] When the ratio p of C amounts to 0.5 exceeding 0.25, as shown in drawing 1 1 , the 
diffraction peak of Ti-C is observed notably. Thus, if there is too much C, since many Ti-C 
phases deposit in a quenching alloy, the rate of a configuration phase ratio after heat treatment 
shifts from the request range, and as shown in drawing 12 , the square shape nature of a 
demagnetization curve worsens. Such a problem was not produced when the rate (the rate p of an 
atomic ratio) that C occupies to the sum total of (B+C) was 0.25 or less. 
[0282] (Example 3) In this example, the strip cast equipment shown in drawing 3 was used. 
[0283] First, weighing capacity was carried out so that it might have the presentation of 
Nd9Fe73B12.6C1.4Ti3Nbl at the rate of an atomic ratio, and a total amount might be set to 5kg 
using the metal of B, C, Fe, Nb, Ti, and Nd of 99.5% or more of purity. These metals were 



invested in the crucible made from an alumina, and it dissolved by high-frequency heating in the 
argon atmosphere of pressure 35kPa. The melting temperature was made into 1350 degrees C. 
[0284] Crucible was ***'*^(ed) after the dissolution, the molten metal was supplied on the chute 
made from porous ceramics, and it led to the front face of a cooling roller. The skin temperature 
of a chute was held at 600 degrees C at the heater. Moreover, it received horizontally and only 20 
degrees (= include angle alpha) of chutes were leaned so that a molten metal might flow 
smoothly toward a roll on a chute. Moreover, the molten metal has arranged the chute so that it 
may flow into the location which inclined toward the location of crucible only 40 degrees (= 
include angle beta) from the right above section of a roll. In addition, as the chute in this example 
is shown in drawing 4 , it has the molten metal guide for dividing into two articles the flow of the 
molten metal received from crucible, and supplying a roll. 

[0285] The cooling roller was rotated with 14m [/second ] surface peripheral velocity. By 
adjusting the tilt angle of crucible, the speed of supply of the molten metal which flows a chute 
top was adjusted so that it might become a part for 1 .5kg/per flow of a molten metal. In this 
example, surface center line granularity Ra used the roll made from a pure copper which is 5 
micrometers. The rise of roll temperature was prevented with water cooling inside a roll. 
[0286] When the characteristic X ray of CuKalpha investigated the organization of the obtained 
quenching alloy, it checked that he was the quenching alloy organization where Fe23 B6 and 
alpha-Fe are intermingled with the diffraction peak of Nd2Fel4B. 

[0287] Drawing 13 shows the powder XRD of the obtained quenching alloy, and drawing 14 
shows the demagnetization curve of the quenching alloy measured using the oscillatory type 
magnetometer. In drawing 13 and drawing 14 , the curve indicated to be "as-cast" is related with 
a quenching alloy. 

[0288] Next, the power mill ground the quenching alloy. Then, it ****(ed) by argon gas and 
heat-treated by supplying quenching alloy powder in the hoop belt type continuation heat 
treating fiimace which held whenever [ fiimace temperature ] at 740 degrees C. At this time, the 
powder supply rate was held to a part for 30g/. 

[0289] Powder XRD and the demagnetization curve after heat treatment are also shown in 
drawing 13 and drawing 14 , respectively. The data after heat treatment are shown in drawing 13 
and drawing 14 by the curve indicated to be "as-annealed." The magnetic properties after heat 
treatment are shown in the following table 10. 
[0290] 
[Table 10] 



[0291] As shown in drawing 14 and Table 10, the iron machine permanent magnet in this 

example demonstrated good magnetic properties. 

[0292] Next, the detailed metal texture after heat treatment was observed with the transmission 
electron microscope (TEM). Consequently, that the about lOnm fine crystal grain exists in the 
grain boundary tumed out to be crystal grain with a mean particle diameter of about 40nm at the 
in-house after heat treatment. Moreover, as a result of the metal texture analysis by HRTEM 
(high resolving transmission electron microscope), crystal grain with a mean particle diameter of 
about 40nm is Nd2Fel4B, and it checked that Fe23 B6 or the iron machine boride of Fe3B 
existed in the grain boundary. 

[0293] (Example 4) Also by this example, the strip cast equipment shown in drawling 3 was used. 



[0294] First, weighing capacity was carried out so that it might have the presentation of 
Nd9Fe73B12.6C1.4Ti3Nbl at the rate of an atomic ratio, and a total amount might be set to 5kg 
using the metal of B, C, Fe, Nb, Ti, and Nd of 99.5% or more of purity. These metals were 
invested in the crucible made from an alumina, and it dissolved by high-frequency heating in the 
argon atmosphere of pressure 35kPa. The melting temperature was made into 1350 degrees C. 
[0295] Crucible was ****(ed) after the dissolution, the molten metal was supplied on the chute 
made from porous ceramics, and it led to the front face of a cooling roller. The skin temperature 
of a chute was held at 600 degrees C at the heater. Moreover, it received horizontally and only 20 
degrees (= include angle alpha) of chutes were leaned so that a molten metal might flow 
smoothly toward a roll on a chute. Moreover, the molten metal has arranged the chute so that it 
may flow into the location which inclined toward the location of crucible only 40 degrees (= 
include angle beta) from the right above section of a roll. The chute shown in drawing 4 was 
used also by this example. 

[0296] At this example, the cooling roller was rotated with the surface peripheral velocity shown 
in Table 1 1 . Moreover, by adjusting the tilt angle of crucible, the speed of supply (per flow) of 
the molten metal which flows a chute top was adjusted, as shown in Table 1 1 . The width of face 
of one flow of a molten metal investigated the effect which roll peripheral velocity and a molten 
metal speed of supply have on quenching as 10mm. 

[0297] In addition, this example as well as an example 3 used the roll made from a pure copper 
whose surface center line granularity Ra is 5 micrometers. The rise of roll temperature was 
prevented with water cooling inside a roll. 
[0298] 
[Table 11] 



[0299] In Table 11, "O" shows the case where it was stabilized and a quenching alloy is able to 
be produced. On the other hand, a splash occurs and "x" shows the case where it was stabilized 
and the quenching alloy which has a desired organization is not able to be obtained. shows 
the case where a splash occurs intermittently, although production of the stable quenching alloy 
was often observed. 

[0300] Table 1 1 shows that quenching by which the molten metal speed of supply per [ which is 
one ] molten metal flow was stabilized above below by 2.0kg/by 1 .Okg/is realized, when roll 
surface peripheral velocity is lOm/second or more 18m/second or less. A quenching alloy thin 
band becomes thin, and becomes easy to generate a splash, so that roll surface peripheral 
velocity becomes quick. 



[0301] Although the mo hen metal speed of supply per flow of a molten metal does not influence 
the thickness of a quenching alloy thin band so much, it changes the width of face of a quenching 
alloy thin band. The width of face of a quenching alloy thin band becomes large, so that a molten 
metal speed of supply is large. 

[0302] The thickness of a quenching alloy thin band changes depending on roll surface 
peripheral velocity. That is, a quenching alloy thin band becomes thin, so that roll surface 
peripheral velocity is quick. For example, when roll surface peripheral velocity is lOm/second, 
the average thickness of a quenching alloy thin band is about 100 micrometers, and when roll 
surface peripheral velocity is 22m/second, the average thickness of a quenching alloy thin band 
is about 45-80 micrometers. 

[0303] The powder particle of the configuration near a homaxial configuration is easy to be 
obtained by grinding a quenching alloy, so that the thickness of a quenching alloy thin band is 
thick, as mentioned above (for example, when it has the thickness exceeding 80 micrometers). If 
a particle with the aspect ratio near 1 produces a bond magnet using the powder contained, the 
bond magnet excellent in the magnet property can be obtained. [ many ] 
[0304] In addition, the characteristic X ray of CuKalpha investigated the organization of the 
quenching alloy produced the condition for surface peripheral-velocity [ of a roll / of 14m/second 

1, and molten metal amount-of- supply/of 1 .3kg per flow of a molten metal. Consequently, it 
checked that he was the quenching alloy organization where Fe23 B6 and alpha-Fe are 
intermingled with the diffraction peak of Nd2Fel4B. 

[0305] 

[Effect of the Invention] According to this invention, the raw material alloy for iron machine rare 
earth magnets which demonstrates coercive force and outstanding magnetic properties with 
magnetization high enough can be mass-produced by performing quenching of the rare earth 
alloy molten metal which added Ti into the raw material alloy using the strip cast method, 
reducing the amount of rare earth elements required for a magnet. 

* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the example of a configuration of the strip cast equipment 
suitably used by this invention. 

[Draw ing 2] It is drawing showing the organization of the nano composite magnet manufactured 
by this invention. 

[Drawing 3] It is drawing showing other examples of a configuration of the strip cast equipment 
suitably used by this invention. 

[Drawing 4] It is the perspective view showing the chute (guidance means) of an alloy molten 



metal used with strip cast equipment. 

[Drawing 5] Center line granularity Ra in the front face of the cooling roller used for the strip 
cast method is drawing showing the effect which it has on quenching of an alloy molten metal. 
[Drawing 6 j Center line granularity Ra in the front face of the cooling roller used for a melt 
spinning process is drawing showing the effect which it has on quenching of an alloy molten 
metal. 

[Drawing 7] It is the sectional view showing the organization of the quenching alloy formed by 

the strip cast method, and (a) shows the cross section of the R-T-B system alloy which added Ti, 

and (b) shows the cross section of the conventional R-T-B system alloy which does not add Ti. 

IDl§.VYins.SJ. It is graph which shows DTA of sample No. 2 and sample No. 6. 

[Drawing 9] It is the graph which shows DTA of sample No. 8 and sample No. 14. 

[Drawing lOj It is the graph which shows the powder X diffraction data of sample No. 8 before 

heat-of-crystallization processing (as-cast), and sample No. 14. 

[Drawing lll The XRD pattern before heat treatment of Nd9Fe73B12.6Cl.4Ti4 (example: p= 
0.1) and Nd9Fe73B7C7Ti4 (the example of a comparison: p= 0.5) is shown. 
[Drawing 12] The demagnetization curve of Nd9Fe73B12.6Cl.4Ti4 (example) and 
Nd9Fe73B7C7Ti4 (example of a comparison) is shown. 

[Drawing 13 ] It is the graph of the powder XRD about the example of this invention. The curve 
indicated to be "as-cast" is related with the alloy after the curve indicated to be "as-annealed" 
heat-treating about a quenching alloy. 

[Drawing 14 ] It is the graph of the demagnetization curve about the example of this invention 
measured using the oscillatory type magnetometer. The curve indicated to be "as-cast" is related 

with the alloy after the curve indicated to be "as-annealed" heat-treating about a quenching alloy. 
[Drawing 15] It is the graph which shows the heating mass rate of increase of the nano composite 
magnetic powder by this invention, and the conventional quenching magnet powder. 
[Dra wing I61 lt is the graph which shows the consistency of the bond magnet Plastic solid 
formed using the nano composite magnetic powder with which particle size distributions differ. 
[Drawing 17] It is the decomposition perspective view showing typically the configuration of the 
stepping motor 100 equipped with the permanent magnet rotator mold of the operation gestalt by 
this invention. 

[Drawing 18] (a) - (d) is drawing really [ of the operation gestalt by this invention / bond magnet 
] showing Rota 200 of a die, and its forming cycle. 

[Drawing 19"i lt is the mimetic diagram showing the structure of magnet laying-under-the-ground 
mold Rota 300 of the operation gestalt by this invention. 

[Drawing 20] (a) And (b) is drawing showing typically the structure of the rotary encoder 41 1 of 
the operation gestalt by this invention. 

[Drawing 21] (a) And (b) is the sectional view showing typically the structure of the process 
cartridge 501 equipped with the magnetic roll 507 of the operation gestalt by this invention for 
electrophotography. 
[Description of Notations] 

1 Fusion Furnace 

2 Pars-Basilaris-Ossis-Occipitalis Outlet of Fusion Furnace 

3 Alloy Molten Metal 

5 Chute (Guidance Means of Molten Metal) 

6 Paddle of Alloy Molten Metal 



7 Cooling Roller 

8 Quenching Alloy 
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^. »iJ*i^^sii:j;^N d - F e - B^Si^^Bt^itt'^rx 

I 0 0 0 7 ] WJi(7>eS^-.6, f^i^B^S^^J^t^Trnffl 40 
b^-cN d - F e - BJfeB2%!LS:pJi, *J5^^i&#;^f<: J; ^ r 
mikl^tm-73]±<DN d - F e - B^m'^^^aiCtb^X B 

[ 0 0 0 S ] N d - F e - B.m-^,i%m:5<D^i±^im-^ 

h^mt 1 -75 0 s^siaocia^sn 

r*,iaj:^tc. Zr, Nb. Mo, Hf, Ta. i<iJ:U 
Ti . V, fe=^;£j'C i-Ai6^£^i¥A^6jsiMSn^-cri'V^< 
■5>, C(?>c{;^^C7C^©?3Sf!i]{cj;-r. pi^;'jH,,<!:iitit 50 
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T:*,i^£t^o S^i:. Nd -F e-BJ^-ii2^i^5*{c6)^^ 

[0009] N d - F e - B^Mi%mao>i^-^ . ^±m 
e,,.,B,> O&m^f^^n-ii. Fe.BMIt 

oi-ni^, J, de PS1V5, C8, 1998, 66S-^ 6701 ) , C©yki^ 

^b-S F e , Btlfe ctC^p^i^tetT'Aa N d , F e , , BtSj:>^#. 

{J>d:; ^ ;f- y :3 > # i> i. h ltS;5CC'^^ ^'C i i T W±<J> 
ISC ^^^i^^lSJf, B , ^ ^ C t ^ ^ 

?!>V ^0>^mhYic 1 6 0 k A/ft* ^ 2 4 0 K A/m 

[ 0 0 1 0 ] S /c, y =5 h iL^;p<^>M4^^tc: 

5^t'2:ta. 4*llF^2727506^a¥S, liirSHi!H(r>ISirS£^3'i 
tfiWO 003/03403, W.C.Oian, ST.al, ""TTt EFFECTS OF 
REFRACrCRV METALS ON THE bRCIfQC PROPERTIES OFor- 
Fe/Ri FSi , B-TVPE MAN0G:ft«:i5ITE5" , IEEE, Trans, Hm 
n. \to. 5, IWTEt*WjC.S9, Kvonqnu, Korea pp. 3265- 326 

7, i9S9> . t(i:--irhi>^<^fj: r^;^ iS: 
xw.m<'^MA.hti^T:^s<C'j^mt)'^m-^nx*.^^£<.'rc 

[0 oil] 3t£^^ii, i.ES^mi'C^^xu^ti.fciyijy 

0- 8T^ift^*u^fA^5. *J^ti:isT^6n^is*,it^m;^? 
{1?lJ^ii:Hc., ^ 6 0 0 k A/m) 'Srifa^E'S'^^n^cM^ 

[ 0 0 12] 

ifo-i-v-j-n ( B.-dCd) 1 Rv T i iMn (TiSCofect; 
O'N i i)->!^fJ:^m^->^m^^Sintc 1 S«±(7>^^. R i± 
Y < r 'J A) fej;^^^!!:^^^!;^-.^^^^;^-^^! 
tR5 nfe 1 fsu Ji©^ffi. Mit, Al. St.. V. C 
r . Mn , C u . 2 n , G a , 2 r . N b , Mo. A 
tr. Hf, Ta. W, Pt. All, 4<3 P b;^f>nf^ 



u 

^im.Tit^) X, 2. Ill, n. ^<5j;0'p*^. -en 
■t-n . 1 (X X ^ 2 5 7 g y < 1 0 )^^^%, 

0- 5 ^ z ^ 1 0 ^m^ 0- 5 , 0 ^ !i ^ 1 

^ ^f^^^iic^siS I. . Biiiaf^iiqa - )l i ©IgS^Jiigi 

[ 0 0 1 3 ] StS <..t^Sfeff;'!iOCfeCi-C, psa!%EpX^i 
it. g<iia*rt^)fStcj:*i. B?ia^^i§^<7>?^nC'i||-S:f! 

A©E;^? it, \±yjO. 1 3 k P a W-h 1 0 0 k P a 

[ 0 0 1 6 : bt^SffJiff^S^rii:. B<iia>%*!)Xfii;cfo 
l^Z. pijiaR.F ei, BS[tt^f|©ff&tb^*pij^a.ti 

[ 0 0 ! 7 ] atiE i/t^SffdffMX'ii. msi^mxmcid 

. fijia?t5po-jUftS©[ili5!iiasl^ 5 m/#y.± 

^>^<: D (^>ii^iiSii!g-S: 3kg c ill UT i ^ « 
[ 0 0 1 S ] StlK (.A^SjgffMr-ii. -PUA ti>R,F 

b . S«iia R J F e . , B 5^ f fc^1*)tg©q^teiiitffi54® * 2 0 
n mU±2 0 0 wmVIT. m^Zin - F etife ctC^iitt^! 

ffclQrlA^R.F e., B§2ffc^ig9tg©e#S"<:i*ffiiapic 

[ 0 0 2 0 ] 5? IE <..t-SffiiffMr-it. HtiaB?^^f^tc:^ 

l.'CS£a%^b^^fS■S:^f^i^ ^ C <!; J; D . Ws^iim^^Sm 

[0 02 1 ] tii^hi-^mi^vit. sm^mtm^M 

[ 0 0 2 2 ] 5!tlE <..t,^*ffdffMCi:fe<,i~C, pias^Aifc^ 
[ 0 0 2 3 ] StS bt^*ffgff;'!iOCfoCi-C, psagfeSiiUfc 
[ 0 0 2 4] s!tlE l/l,-Sil£?|5ljitCfo4,i-C, BinaTt^Mit 

[ 0 0 2 5 ] ats ui^-^mi^vit. N b ^irti^Bqtc:^ 
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[ 0 0 2 6 ] s!*^ Ul^mmi^l'^iii^^'Z. N b ©iSWS 

[ 0 0 2 7] StS (./t^SffJiffMCCfcCi'C, pga^fifej^iTi 
<Z>CC«tt^ PJ^^H) . 0 1 ^ p ^ 0 . 2 5 (Dm^'^M 

[ 0 0 2 S ] txt^SfeffM-Cit. BilsaSrt^lfStCjSi 

[ 0 0 2 9] ats i/t^SfeffMr-ii. giisa^^jg^wi^ 
[ 0 0 3 0 ] 5!t^ Li^nmMvit. smi^isxmcid 

[0 03 1 ] St^ <./t^SffgffMtCfo4,i-C, p5ia2%5pXW 
20 it. *fflcr>4]^L^Jitfi ^ R a ^-^ 2 0 a st UToyi^^W a - jU 
^ 1 0 m/f;H;{ Ji^SM/^siigm^i^ -li t:=fT ^ , 
[ 0 0 3 2] StjE (./t^SffgffMr-ii. Byiai^4PX?itc:fe 

W±4 k y/^>7R7il<7>Sa|af*ltc:gilE-r^o 
[ 0 0 3 3 ] 5*s bi^SjJsffMrit. giiiai^ijixfitcfe 
t^'c. Bi!sasp3^fie:ocj;D. pea-^i^sgjttT) 1 ■^©?tn 

1 0 0 3 4] 5? oi^StdJfMr-it. B<iia^^j§^©si 

1 0 0 3 5 ] hi,^mm^~c'it. msi'^^mM<Dm 
^<D^mu^^ 3 0 0 'cu±i,cm^t 

[ 0 0 3 6 ] sit ^ <./t^SffJiffMi:'i±. Mi%'^^<Dm-^^ 
5 0 f^mW±£ 0 0 11 imriCfh, 
[ 0 0 3 7] St^ bt^SffJsmtCfeCi'C, pia^^R^IS 

[ 0 0 3 6] at* m^ai^spp - 

[ 0 0 3 9] 5*s i.t^SffjiffMti:fe<,^'c, m^ajsspp - 

[ 0 0 4 0 ] s!?S bt^lrtfeffMCCfeCi-C, B5@a!%spP - 
50 [ 0 0 4 1 ] 2tE^^CC J; ■Sgfea^kJ^SS5©M3i:^r?£it. 
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[ 0 0 4 2] ^^^tCia^HV Ki^acMii^^Si*, ± 

[ 0 0 4 3] ^^mtcji^Mi^^^it. i F e 

,-«TJ ,o».K-v-.-„Q>RvT i ,M„ {Ti*CofeJ;Cj' 
N i fE> ^fflf i*-. fE>iM*R^ Htc 1 ^SU±<7>;?t:^. Q ii B 

ii^±^^S5c3^, Mii. AK Si. V, Cr. M 
n. Cu, Ga. Zr, Nb, Mo. Hf, Ta.W, 
Pt. PlJ. AuiiJ^U'A^iy^tf^m*f^^^^^Stlt<. 

X. y, m. feJ;e>'iTLA\ -C-^^ih, 10<x^2 

%. OgmgO. 5, focb;£i'0 ^ 5)^^*^^i]S£-^ 
^Mi%-k^V^^X. m^ ;>)!'5 0 JJ nU:J,±2 0 0 fim^, 

[ 0 0 4 4] 5!ti6 ui.^mmB^i'CiiK^-z. mzimim 

it. W-i'^ttm/j^- 1 n mVJ± 5 0 n mUro>^m\imit^ 
tli . ^iijISfl £ 0 n mU±2 <:■ 0 i\ ft>WT<^>R = F e 

[ 0 0 4 5 ] 5!ts bt-SiJiffMr-ii. snm^mc^ii 

[ 0 0 4 6] 5!tS <./t^Sff*iff5!S^0i:iS4-''C, 0 

[ 0 0 4 7] il!^^/)^- i F e 

,-«TJ ,o,..K.v-.-nQ=,RvT i ,M„ (TiSCofeJ;!:]' 
N i 5 W ^fflf i^m^R^ ntc 1 !iU±<^>S:^. Q ii B 
fe J:; C *i ^.^i: ap:*^ ^>s»l/^ $ ntc 1 SJli'.±<07C^, R 

iii^±m.^m^m.. Mi±. ak si. v, cr. m 

n. Cu, Ga. 2r, Nt>, Mo. Hf, Ta.W, 
Pt. P Ik AufectO'Ag^^^^W'SpA^^.illR^^fc 

in. ■eti.-en. 1 0 < x S 2 0 )^^^%. 6 

^ y < 1 0 m^%. 0 . & ^ z g 6MT%, 0 ^ m g 
0. 5, foJc^j^OSn £5M^%, ^S.'&'^^.'iif^^^ 

r-* or , A-^e o ii mw± i 5 o iu mwrcso^f^ 

[ 0 0 4 8] *^^ocj:^£«m, ^fim*'^ { F e,.. 
T„ ) ...... „Q» Rv T i .M„ (TC*C 0 feJ'Ci'N i 

±^#J1:^E:^. Mit, A 1 . Si, V. C M<tl. C 
u , G a , Z r . N b , M o > H f . T a , W. p t , 
P b . A u foct^^j'A trj!>^6^i:^ilj>^6sMW$ nA:-m:'. 
±©7C^> T"-*i^Sn, ^sEirt^x. y, m. feJ; 
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ill ^\ ^n^U. 1 0 < X £ 2 0 J^T % , 6 ^ y < 1 
Om^%, 0- 5SzS6MT9^, 0£mSO- 5, 
J: CJ' 0 g n g 5 ^i^^^-^ ■?>i^it&-C'^b t: . ^iij^ 
Ji^-^ 6 0 ii mW± 1 1 0 fi mWT, falifelT^'^ ^ 

0 0 K A/mW-hr^fo^o 
[ 0 0 4 9] 

it. *) v•:f^^r:^vmcJ:t)^ Fe. B. R <Y^ 

^^&sffl^£R, f e„ B5^fb^i9ti^]g£f^,i^^i^^:fifii-r 

[ 0 0 5 0 ] ;^ h 'J y v"=r + A h . a - ^KD^ 

it. f.S3K<?>x I- L' V + ^ r ^^tctt-^r ?gja-C'iHii5-^ 

[0 05 1 ] ^,?^^#4Jtc:il:fctl4<7>« 
-F e^t^^^^'■M£iist^T; fw^iR. f e,,Bmt 
^m^m-r^'^mm. ^^t^i*. gifisBSiuRsF ei, 

■mmHru ^n^o cmc^-j), r ^ f e i , BMf t-s^ 

® ^ £ 0 n rnW-h 1 5 0 in f»M~f t U . A^-^, « - F e 

[ 0 0 5 2 ] 'im. -^?^mmmtt^j: ^ u^f&icm 

5Ifi£> ^W^*^^^rt^?^*«i^-rR;F ei.BMft^ 

f!l©4^.^f k^KlfSr- « - F e T^MMk l^-ZU^^^i,^'? 
BS3§i^5^> ^ Cf - F e i'CDtii^tttBAimT^ftT^ 

[ 0 0 5 3 ] mc--¥iSim'Z'mi,'^f^M^mm<o^: ^ 

^^i©^%ifliSft ^S<J(c:f&TS-tit:R z F e 1 , BMft^ 
50 I'psil U J; ^ iT-S <!; , R^ F e i , BMffc^t|W?f « 
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- p e ^ tcit^<Dmnmt'-^< tfrsy u-c i ^ ^om. 

[ 0 0 5 4 ] W±<Z>C t /j-tb. St*. + y 2 >^J<i; r 

[ 0 0 5 5 ] C ©fc£f>, r^.'l'-y T ;^i."jSretcHitl?<: L 

C.Chan, et.al . "TtlE EFFECTS OF REFRACTOHY METAP.S O 20 
N Tft feVM3^IETIC PRCiPEKTIES OF Of - F e /R; Fei , B-TVFE 
MAMDCOf^fOGITES", IEEE, Traos, Msc|fi. No, 5, IfSTtm 
.AC, 99. Kv^nqiU, Korea pp. 32 65- 32 &7, 1999} o 

^-C*f5> N d ©a"S5tb*?: 9 - ,5 a t % J: *i *> 1 1 - 0 
a t%ocjgSo^i*-S»Ci;5^Ndi P e,. Btl^<5J;£>'« - 

it. ^Xl^^fl|^,ir'&^^§^-&is^*C'lBii^•^■s^%spp- 
P6 fcii). i¥mn<DM.^-^^^i%m-^ ^<Dic mux 

ST i a>{^iiiz 0 , mi%mmJMV r - F e < f^r « 

5A}BXStcfei^ ^ « - F e tlw t<Dm^i±^B<DM±it^ 
iSPsHJUt: '€-cr>SS:l:. i^Sffln? F e i , B^fL-^ 

[ 0 0 5 8 ] 2|s^^tC #±^5c*S7>^J;ti5fi^7j> 
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•ff^ u isi^titlcr.iaT^-ffc^jm^j fe c ic j; ^ t:*i^'? 
[ 0 0 6 0 ] WT, -'¥imm<C'^Mm±'^-^^m:6^J^ *j 

[ 0 0 6 1 ] S -r; ^fi.>?j5SA5 { F ei.„ T„ > 

h^m^Htc 1 SW±<^5E;^, Mii. A ! , Si. V, 
Cr. Mn, Cu, 2n. Ga. 2r. Nb, Mo, A 
tr. Hf, Ta. Pt. A I!, 4<3=r;il>'P b^-.6wS 

*<!^^i-t*> X, z. m, idJ;E>'pi*. -C-Ja 

■en. t.',Ta>l55fs^3^'&?isST^o 

[0 06 2] 1 0<x%2fc>m^% 
7 £ y < 1 0 !^^^% 
0- 5g z £ 1 zm-1-% 

0 ^ iiL^ 1 (:!m.-+-%idJ:if 

Oip^O. £5 

[ 0 0 6 3] 'XiC. A h L» ;^ h^tc J; D . ±12 

^^i-^W-i'^ttm/j'' 1 .5 0 n niUTO) R ^ F e i , BMtt^ 
1??fS^i^:m^-C6 0 %U±1^tJ^M.l%^^^imrh^ 

[ 0 0 6 4] ^(Dfk. i&miZS^:-OX . Mi^'^MC^-^^ 
m^itmm^t^tj:i,^.. R^F ei,BMfL^4atlfeJ;CJ' 

Mimi<D^Mmitmn^^t.^-f- y = > i> r 

, F e , , B§2ft^i^t|C^fcjii^^?iiiii±2 0 sn my,±£ 
0 0 111 mJL^'-T. mitmrn-ilVio! - P etl©^^fe)S^.,%^ 
1 n iTx fc',± & 0 n miy,T i w ^ J:; 5 cC'&^Sg^c>^% 

[ 0 0 6 -5 ] sje^^tc: mMi^fcl . (DSii^iCJ: 

*i . ^^^?iC'i^*!ix^-c' R . p e , < B mt^mn^^ 

[0 06 6] mm^fJ:m^iC:^ii^R,F e,,Bmt^ 

mm<DW-iiimm^i.mit. ^eii«fL*^ti^(j - f ^tmw- 



[ 0 0 6 ?: ^^^tr-i*. ^^mm. ^^<7>>%tm^.. 

i>-isi.^mfim\t^mr^mMm\tm^c( - f e 
it. m^it, F e. B immmit i. 5 t > e,., B, 

F e (Di^fmitit 2. 1 T -C^b 

[ 0 0 6 8] :^^m<Dmfk:^mcj^sm^. ±es<dj^ ^ 

fiSSS^ { 15- X : ii n mUT > . ?ci*)^^ ^ ;^ * 

[ 0 0 6 9] *^^^<7>*PtC itli^:. T ! ^mifnutc 
i^^fcH. V. Cr, Mill. Nb, M o W iCDfdsC'^i^ 

[ 0 0 7 0 ] ^ fc, T ! ^i3"s*pt.?iJ^^i±, - F e<D 



#1^3 2 9 7 676 

18 

N b . V , C r /Jt i W^lBlTC^^tSSTS] U fcm^it . a - 
F e f|^>4l?rEiiT-5 J; ^ wtttSffgiSfl^^gSgililST:-* - F e 

m<Diiif>%^i)'i^ U < M^i U . - F e ^i<^>^^fc;^fl^:^>s^g 

[0 07 1 ]^£^(5, T>{<:n;tt:, Nb. Mo. W$:=3S 

t:*, i i ft*^ y :3 > * i> h Sis;p©^i5£i*®.ii55 

7*JL.7r;^tl4]:A^6«-F emWrt^OX: VS. 
CtOrt-F etlii, T i ^73S*pU^-cii^ipjd:0, 

Ifritif^, mmcs&^i,.. cm<.^. «-f 

[ 0 0 7 2] T ! V-?>C r ^jSsTWbfe 

ig^i*, c:n6ci:'t3^*a^!B|;5^F etcHSgb, ^^mim 

[ 0 0 7 3] T ! ^SsJbp<..?<:i^^it, - F e+l 

<J>\Fi^ ■ m^'^^- -T'ti!':^ { kinetics) A^iK *i , 
* .-SS^tcSr^^^-^ a ^c£i>, « - F e +H7>ff¥iil ■ ."dS 

piiiCNd, F e,, Btg^^j-OC^S-Sit/fcl^^J-C;;^* < s£ 
[0074] C © -5 T i ^t3Sip U Tcm-^<7>^ . - 

tc F etT)^^ (f^iC - F e ic?^;!!'^ ^ i- - F e > ©atij 

^^i^T^S^CDJ^spdiJec^ 1 O^'C/tJ.— 1 0"C/!*SJg 
©ttlStf^ei ^fliiC O r 4> . i&7^U o;-F e * Witi 5 Hi ^ 
C i < , R J F e 1 , BMiit.^^t| ^ 6 0 {*:^%W±^t? 
{RiF ei, B^ii*atBmoi:id:teSii«fL1*!^ 

[ 0 0 7 5 ] 3te^^r'it. ^Xjl:t '} ^ ^ Atdct; -Sjgrft 

^>ii[^oc>%4qn - jUi-vji <- a h 'J -t- A h js^S:^ 

A h;mt^o CC'J; ^CCR - F e - B#S#±®^i^{?>^ 
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[ 0 0 7 6] [ mf^<DmfEm^ ] Bi<i^:U'C tO^lf <7>^fi 10 
, F e , , B r ^ V T i Jt^iL^SE-^- h^:^ 

^ a - F e <rM'&-ikA:f:im'P'^ i>fc^'-. ^mimM^ 
1 0 ^mx.. 2 5 m.=r%V}rf Ltx ^X'^lc 

0 m=v% ^® ^ . 1 7 wjr%v)r^-v^ ho 

1 0 0 7 7] Bi<sJ:UC(0^t^lcMti>C<Dtb^pii, 

WJi'C* ^ c: i A^fef * LA \ p i)^ 0 . 0 1 J; 0 i> d'Ut 

^^0. 2 5cE;E)t>7:*<^£i5-3'^'^<i;. rt-Fet|©^ 

^0 tb*p(?>T|^it, 0. 0 2r'*>aci:*iiSfS U< , 
P ©±glii 0 . £ 0 WT-C C i 1 tb^ p 

i± 0 . 0 8 WJi 0 . 1 5 larr-^b c i j!>iHtcst s 

[ 0 i) 7 S ] Ri*, #±^7CS { Y?:S£f } <^Bf^-'f5.3g 
■^■Si, RiFe.,Bt|©R {^§Sff3CCiiN d ) j^>^L a 

[ 0 0 7 9] R i^, J; *J AfM^CCii. p r * fci*N d * 
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iC'^mfj: R , F e , , B ^ t 

-So IE fc, Rca-SSffc^y 1 0 )^^^?«W±tC^c a t . 

[ 0 0 8 0] T i <7>mm-. '^im^(D^:>%^icw:^^ 

[ 0 0 8 1 ] T i <?>5fi.'Stb^ z i>'>-^\t<D 0 . 5 JI^^^^tR 

*. T . ©JlsStt* z iy'^mtfD 1 2 MT*^ i , 

^§T^ci&, ^^&^mMigCB.C^f£T^^SJfeU-?>-^t-o U 
±© C i ^ . T ! <^>5l5£J:t^ z ii 0 . 5 W.^%U±. 1 

JiS^it 5 X'!hh, 

[ 0 0 S 2 ] ^fc, C IfXS. fcvs^ Bii-' f5>1fifi£3 

it^z^-l^< rhCtmf^hl-o T i itBtcijT^la 

T i ©th*j:>^iSt-*'^i. T i imniCX'ittJ:< . R, 
F e 1 , B itmi'PiCX 0 i^*, i^ife^ ffeT Weil 
a, t . B CCM'^ ^ T . (Otm^^m-t ^' ^ i , 
B 'J ? 7 ^ jL- V T Mn^-''0' < i.'g ^ U 5 
^0 (j. 0 5gz/x^0- 4^iiS.'E$ 

i+^ct;^0C565£J:t*^lisST^C<!;^iS!t5;b< . 0. 1 

[ 0 0 6 3] m^<D^iM^m^%, -^mTtrnM^mmi' 

•Cfc^t^o Mi*. A!, Si, V, Cr, Mn. Cu. 

Zn. Ga, Zr, Nb. Mo, Hf. la. W. P 

[0 08 4] Feii, ±a?©S:*c:>sw^^^fJ&a^^ 



mi'y-f^±r C 0 a F e SJ*?S©Sf S U C ^^JS 

ii 0 - 5 %m± 4 0 % WT'C^b 
[ 0 0 8 5 ] iXic, -4s;#£Bjg®fef S 

[ 0 0 8 6 ] <**fefi5sg 1 ) :^^mo>m 1 
[ 0 0 8 7] :^^mmz'it. mnc^--^:^v '* -^-y^ 

[ 0 0 8 8 ] HI cr>A r ij ^ 7^ ^ > J^^gii, 

8 < ^ A i-''^-:^'J^i'iE*iS9 i 

[ 0 0 8 9] mm^ 1 it. ^^mtA^mithc itc j; 
mii^m'^^^im^^ctti^icj:^^, time ms^ 

[ 0 0 9 0 ] spa - jL- 7 i*, -t-^fS-JiMJ^^^I^^C 
3 0 c in -- 1 0 0 c mtT'ilii^'i 1 5 c ni ^ 1 0 0 c 

i'^ ssiR-r ^ c i J: *i . Sii] 1 0 * "C/f^i'-s^] 1 0 ' vy 
#©SaS t:'tijiaii53rer--ib a , 
[ 0 0 9 1 ] i^^.- h bco^m^^FiT^mit. ^k^is 
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iS s 9 0 ' } ^ ffj.'dst' ^ cf; ^1 ccie^^ ti^c t^^ -ib 

[ 0 0 9 2] t^^-^l 5 ±iCa^ -^nfcmm 3 . V 

n. P 7 <??*B{<: Jgrl©-> ^* -fP 6 ^:fiJs£T-l>c 
IG [ 0 0 9 3] 5 . i&m-^ 1 ^ ■■ f5.flif*©!iitSr' 

-S>, i^- r 5 iC^i}^ $ i^^cijg?! 3 iC id W ^?g^^ffl^ 
<^Slc n ^ iltReq ^ ^ ih*^^ a C i ^ ^ * it 4!!".^ * 

mini*, g!S5Wi:m^Ei<:[S!±$-ii^ci7>it:'Sr-So i.' 

I 0 0 9 4] -> ^. - h 5 i*. ±IB<^^fetc:jbp;^ . !%4pa 
-^l- 7 til ii-r jtliiO^^i 3 <D-^^^'t^t^f ^m^^^i> 
h5±ocidt^^7g=S3©Sg;it. igtlSt 

[ 0 0 9 5 ] :**feir5Sli;:j,sw^v^. - ^ 5 it. 

4i < Jgrt<?:> 1 -:>®?t4T.<^iH > it. jiiic it 0 . & c m 
1 0 . 0 c mfC IS!* ^ n. ct: *i itf ii. 0 . 7 c BLi - 
4- Ocmtc^Sn^, *Sfe5?J-C-it. graigHtdfe 

^iis©^rtsi£n^fi5."ST^ii-s-it. m^r 

50 i,\ 
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[ 0 0 9 6] 5 :^Ufcmfk 3 . 

{#i<:0. 4-1:). 7iafi\(DmW ic^^n^Cti>i 

[ 0 0 9 7] mf^^i^mmimommit, a^-ma^t i c 
7<D9immi'Ci<sii^mmm^M mMBm^) ^ifss<r> 

[ 0 0 9 8 ] '^4^, i'':^. - h 5 (D^mit. ^miBicm 

[ 0 0 9 9] m^^^^mn'pi-Ji 7 <Z'9tmm±-z'mm ^ 

[ 0 1 0 0 ] c ® J; ^ oc. ;^ -t- A r ^' 

> - > y p ;^ h ^.'h^ < HP;^ ^ C iJi^t? ^ a 0 
[ 0 10 1]^ /c, ^' h ^ b*^ > i^-sr-ii, ^ X.l^ 

^<,ifSt:oci,-^t^4ii*f^^^£^^-fi^^. X r 'J ■;^:?•^f 
[ 0 10 2] wiz^ X ^ L» i-^ h^ocj;ncs:, ^' 

[ 0 10 3] L.A-.bWj!>i6. X h 'J X hsr-ii 

iflp - ,'L- 7 AM 0 m/'fm±<^tmmAi,^m^0.x'm^ 
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©JiPtt ^ > i >^*!IP - M i <^>r^©^fe^#flftit|^b 

^fiftill^ ct; ^ tc>%sp P - t IgSi-^ ^ fife . 

[0 1 0 5 ] mmim&m:mj!)mr?(^t. i%ia^->ii,c 

( c m > 0 €>fftS§3iigf; ( k g /#5- > ^ 3 k g 
[0 10 6] lE^c, |5ili©ct;-^CC, 1^J^ii#ft|i||S(t]2 c 

[ 0 10 7] c©J; ^oc. ±^aiiS*aain^>Ji!3i!g-ciiEliE 

i/'cC ^o>x\ y xjL' oc:*^^-. -s =2 X ^ /i^^^^m i 0 , s 
fc . y x,'KJ>|^^s^oc: ct; r i]^^if#'±-^ ^ c i *> w 

[0 10 8] ***fef5!ffi{<:4dl^Tii. ftifflP-^l-C'liia 
5 m/#U Ji 2 0 my^-mmiC^-^ ^ C i ii-ir * 
-S>, P-JL.JiliS«^30i5m/#5R7isr'*a<!:, >%gp^^;^?© 

fi'ia ± ^ 6 i . p - J ct; r ^ 1 1 * ±iJf a c i 

p-^H7>1iia. fm, ^^if*ii*ag^^y:i'tcj:--<:^w*: 

w<^E^'Cg5i-&?<:i?>, lSDtKt,-'ti:< <r^^o S^c, Jil 
jiSt ii^ji'^ i , ?iSt7: ^^^^1$ U XirU U ^cM^ 

< 5 m/#W Ji 2 0 m/#WTt':l§:« ^ ti, ct: f> iff ^ 
< 6 iia/#jy± 1 5 m /#J[-UTi<= ^ , 
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[0 10 9] ^fegflj'.*i-fefiD©^!i^jift;*^3 k 

msi<D^..i^'^-^^irMt act ■Am^i^ w mi&^nk 

[Oil 0: i^y-c, ^^^ftiorc'^grt^^Siif^ m 10 
mA0J it, S k i=r/<^*i]gt:'tt^!^tt:*iM< . ifeffi^f 
M4f*iiS^*^'C * t 3kg /<JW±{<: L. ^ 

gf; . 0 . 4kg x^'/ c fi>M±ic^ act ^ u 
l\ 

[0111] n^itm.mmz5 c in-C-itl^^? 1 5 c m<^>C 

0 - 5 k e /'Tf/ c m £ K f c m^ii^^^sit* b 20 

CCDii-^. 0. 5 kg/<J-^6 K g/9'<^>fftSadiJg; 
r-B^^Xfi^tt ^ C i j!>i'C^^o 
[0 1 1 2 ] i-^.- ^ 5©ff5l^^:', mmt'^^<rA%t-^ 

Wi. ^m^^Ami t^m^^m^^ -s c i oc ct; ^ r , 

e 0 i!i iti<?>s5fflt:'S) ^ c um^ u c ^tc. mm^ 
'^■st<Dw^ it. ^^L%m^m^< u^<D-^mm 

^©JS S 5 0 ^ in W± £ 5 0 ii mUT i w ^ ct' td-^ 
^ C i*^*? ^ b < , 6 0 m W± 2 0 0 u m i w ^ 
J; ^ ic^ ^ c i A-^ J; *i ftf ^ U L ^^<7>)^^ ©Hc-: 

[0 1 13] **]feS5,^~C-i*, ^5?LfS^rjL- 

2 (j 'C/#-i <./ r . 5 5 0 'CU Ji S 5 0 *CWT<0 40 

iiS*ti©^Sffliitim^^fSS - ."SSft L. , ■^^ y > * i> 

Wmm^m^^. ^ a s - c a s t ) X:mcmm^Yi.^Y e 
, , B S^^^tl { N d i F e „ B ) Ji^^ft© 6 0 it 
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^M^^^^wm^mt^ 5 - e 5?«-C'*^o 

[0 1 14] mU'^^l^ii'^^ 5 O'C^THl-Si, 
©SaHi±5 7 OmtiS £ 0*CWT^CA^o 

[0 1 15] *^^rit. .m?%^^43icS^wsc'Nd 
[0 1 16] ^s^e^a^vi*, -^^ffii^ifc^p^itT^fe 

i6. 5 0 k P a WT© A r ii:^^H2fi ^fj. i^<DTA^\± 
0 - 1 k P a WTC'SESi^ir'^^e* 

[01 17] ^^ei5<7>.mi^'&^43ii:i*, R, F e,^ B 
ffc^MlfectCi'T^JU-^T^^tliiWi::. Fe.,Btl, F 
e^., B.. R.Fe,<Btl. ^.sJc £>' F e^., B.,tl ^<^>it 

rRzF e2.,BJiitrrt:feU. R. F e„ Bt|©lg*ai^lt 

\m <mitFe..B*) F e*:iitfts£^^~l±a 

it. TF e.,.iBtiJ ^^£f4>(^:'i-?^c 
[01 IS] if^<Dm^. S$?ff3i<: a - F e ©ct; ^ W 

[01 19] ^^MffetC^dt* ^ N d z F e 1 , BMffc-^ 
tlC■¥te^^^lm^iIfSit. M$rtSSS1SS^Ci6^ 3 0 0 xim^X 
■rtri^&W:V'^<<:> , 2 0 w mii'.±£ 0 0 n mUTT'^b 
^C LUm^ U < , 2 0 mW± 1 5 0 n mWT'C'ib^ 

+1^ « - F e tScC'^JijiitAsiEiiJ^*^ 5 0 w m ^eS A -S t , 

m^'V'4g\tt atd^. { B H ) „ „ , j>^i£T U -C b 5 ^ , 
mn . C n^<zMt 1 n m *i ^y; 4> -^^frS 

C L A:' h , iSitMl^^ « - F e tlw <J; ©ifcMiitlC^fcl 
iitftffiiilit 1 n mW±5 0 ii my.TT-*^ C i;?f!5tS U 
< . 5 n m WJi 3 0 n mUTV^b h C Lii''W.<'C^'i S h 
1% fiSmifttiJi. N d , F e , , Bm\t^^m<D^^-}^^ 
^flA^2 0 n mJyi 1 0 0 iumtlT. ^^^^WD^^-M 
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[0 12 0] lEfc, -4i:Sff^ffJSiCCJ;ni*', m2 iC^.tX 

[0121] fj:i<s. mmEmic^..i%^-^<Dm^^i&<^ 
^B^mm^i'. imn^am) ^\%m-^nit. ^(om 

6'2r*[!©XiiOC J; ^ ~C S T \'m:5^mit-ir h 

t^JiC tlS!Cr>fM^or,ii5^^ i^S 111 - F e - N ^ 

[0122] Jia?©#> hs:«;o^)^v^~c^-^?^Ti?* 
jc - ^? j^f s^s^^>li]$i^3|^g4iiT ^ c i rf>i-c 

[0123] *^^<?>*j£iCjc 
Eiifii£ffii<> K !6SS)^tC)^*,i-S*i#, 0 0 u 

iniaTtc: J^f ^ ct; tc^sjiS^T %ctmi^u< . ct' D ST 
l/*,i»S^(?>¥-fei5i[*lit 3 0 iiftW± 1 5 0 JJ mWrX'h 30 

Ai3 0 0 /J mUr^Cuh^: -5 CCfStS^T^ C i^i^StS b 
< . c*; 0 4? S U i^^*(?>¥i£)^^Sit 3 0 iJ m.\^).± 2 5 0 
ji m KOCftf ^ UL^j^^Si* 5 0 u mU-fc2 0 

[0124] ) 'XOC, *^^<^M£©S*fe 

[0125] T i Grigt?±ia5Is£C"&^ 

T i LB tm^^L,fc\t^n (T ! BjWi-> J^'^Tgvi't^ 40 

cc>® g^SI^±Sil[«s)^^4^#c>?g?tf<: tb-^ t: 

[0 12 6] U-^b, ^#S§?t^f^£pa'-JUC>ftar'#> 
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[0127] coc'BSlEit. bbm(erJ>s<D-^^mM^y X 

-'L-^.-. 6i^gT^ a > ;s t- ^ > i/^'Ci* , i ^ i'^ L'. 
[ 0 1 2 S ] C4ltc>i-(./-C. xV*)^■?■:f^^rX hjstc J: 

r u t ^ , c ©^ci?), iijtt^^'f y =3 1^ r tss* X 

[0129] ±ja<..?<i!iifi£5^«r>^^icMb 
®<**^ 1 0 W-h {^N^i^r!i^]4 0 - 8 0 'C> tffeT-^-^ 

[013 0 ] -ect:, -4c«jJifl55iri*. ^I,>^S5^;^■^ < f e 

ccx\ Titcoh^:mi i^^hrj.^m^^hmn^ 

[0131] 1 0<x^2<bm^% 
7 ^ y < 1 0 
0. 5£ z £ 1 Zim^Vo 
0 ^ m £ C) . & 

0. 1 ^n^^m^%. i^<i:i> 
0£p£0. £5 

[0 132] fJ^i<$. i%iSu->ll,cj:?,^^o>^.^-^B^^ 
[0133] m 3 ^S'^ X ^ ■^'V^ 
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[0135] m^'^ 1 it. ^^>W4^S§I*-^ LiCX 
jii'^S 0 c m-^ 1 0 0 c m'C'it|j^>^ 1 5 c m-^ 1 0 0 cm© 

^TS^<z>iil$iiiigf;t:-iii$iT-& c i^o-^-c^t c ©mis 
disg ^ ^ijsai'^ <: i oc j; ^ T , ^^isi p - u 7 (^>;g 

ftSJCpfiii^ a C i r-^ -S, C h 'J -^^ v"* -f^ A 
Wi'?:3ltR'^ <: i OC J; D . :rj 1 0 = *C/#'-'ir52 X 1 

[0 1 3 7 ] i-^.- h b^ic^^-^ntcmmsiit. t^-^ 

[ 0 1 3 8 ] J. - K 5 i*. 4z ^ ^ y ?^^t:'iif7£^ 

3 ^ -B#fltjti:if ^-^ i>x^).cu r b . 3 

[0139] ^ h 'J i' -7'^ ^' A h XTiiCfo ^rCD* 40 

[014 0 ] J^ntt, T i i i N b ^ 

[0141] f^ii. ^b(Dm^ttmt. 0. im^^^y. 
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[0142] {**fefi5SS3 > ^XlCc;, *^^C>M3C'S*fe 

[0143] ^mhtcx^ic, --^mn^m^'iy^-^x' 

[0144] T ! ^XUB^^ts^m-^^ 

f^.^'' 5 "cw± ( mAr^f 1 0 - 4 0 > igT-^ a C i * 

[0145] **M»C-i*, mm,^/}!' < F ei.„ T„ ) 
,^0. (B,..Co) >RvT i.M„r'*i^^n^^ 

mMm±m^-.i%mm'^^^\'^m:t^, ccx\ r^tco 

!. Si, v. Cr, Mill. C is , Zsn, Ga. Zr, 
Nb. Mo, Ag, Hf. Ta, W. Pt, Au. feJ: 

[0 1 4 6 ] ±ga5fi."?S55^43(?;'X, y. z, in, a. foJ; 
O'piS:, -C-tl-eif^, J^:',T©|?a«^^^j^■S:^S^tf'^■S>o 

[0147] 1 0<xS£ 5MT^ 
7 ^ y < 1 (i 
0. 5£ z £ 1 

(j . 0 1 £ p £ 0 . 2 5 

[0148] Jiia^#<^^^^^^5i+^fcit>. *SM 

stb^r- 1 0 0 0 p p munrAmw-^Mii'. st^-i^sfe 

tC4<3ti^^^®|^'Svm?:|gStb*'C'3 0 0 0 p j>mW 

J; D . if^j^«ti*-^3 0 0 0 p p m'&ja^ wt^ J; -5 bt" 
[0 1 4 9 ] i^^r.^ h 5±{i:i|iiiSSnA;?g?t3t*. l^:^ 
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i^sfeft'SSf-it, ^m^mMt?>ct 
[ 0 1 5 1 ] ;^ h «j •i' -y^ + x rxfiicfew^ii^ji^)^ 

[0152] -tt^d, Jt^-nft:^,?^'^;^^^© r;5.-,^^ 

[ 0 1 5 3 ] C ® A r ij i/^ A h X!iW?$©X^a 20 

[0154] ct^^ati, T i i i *>fCC^aA 

Sfg±^^^{<: jSsJbD'T ^ C i tc j; 0 . ^^?g?t©sg1=|iit 

[ 0 15 5] inmm4 ) m^<D^ h «j -^-^ ;s h 

^iC id W d - .>['<DmA!^it^miZ^ < , 1 - 2 m 

[0156] VA-'U. :^ h 'J i' + ;^ r^OCJdtir, 
* itf ^ d i^-^Bitcc w^, A [- 'J y + A m<Dm 

■^-&C<!;:^»4— |g^C'^fo-g>, CCfcist), iSspP -,|^?:S3*r' 
[0157] C®J;^w*lifA^fb, ?^spiSit* 50 
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[0 1 5 s ] ^M^±m^-^'^^^-mt^-i%mC'i:^^ 

e - Blk\t-^J!>--^tj:^mmmBt « - F e f^i'CiSI^ 
[0159] *^^*fE>i*. St5feC?v^ h 'J v=r + A 1 

^i;: ct;ntiSi^Bltt:-S) ^ i s tit:*, i^-c^^^pjirt ^3t.i?S 

^^spo-jL-^fllCi^A r ■;> h^<7>ga^?:1#^f 
l.~C#fco -4s:^0jg#fbcr>^ h 'J + r^'Ci*, -g- 

[016 0 ] UiOH.Ji?3^»i^. -^^m^h<f>k.l^7. v «j -^^ 
* -^i, it: i.^ t^^^^S) ^ c i A^^^-. ^ feo ^^^^ 

J%spP-,'L'tC^^-?< i. .H^tX^iiStt^g^^r^e^iK ^ 

n. B^^x^a^^ii^■^^^:^7>^r-*^^< w^o c®ci 

[0161] lSJ*C'|eiS'^^!%spd- 

[0162] ^MM^m-Z'ii. msic^.-^msBi-'kmi^'c 
[ 0 1 6 3 ] J - I- h hici^^^ntcmmzkt.. -i^-^ 

?lC-'^r,'L'6^ff5.'S'^^« 

[0164] i^4i±, - r 5<7>Jia^^-??4tliat:- 
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i&]> icfet^tr. — *<Etci:)^c^t:issj^- Willie fti'^'fe 

[0 16 5] V + A risgf£Jlt^f5i)h-Si^43l 

ST ^ rJfe^ffl rj: [U] 6t>fi: ^^=§?t i ?t 49 d - ^l- 7 <Z>* 

[ 0 1 6 6 ] 1^5 it, jgiiifi^ 1 0 my^-Z'miit^i%is 
[0167] Mi%^^8ict. mmicmb-^umr^^^. 

;^ h I* i' ^:^[- ^oc J; -Sii-^ii. J§rt3^>^ p - ^l-^H 
tCgSISl(./t:t^^E|i^©P-^i-)il*|Sl-!t'r X:*^ jifi'hs^ 

J^gp P - jL- 7 ©^HCCi^i^ P - ,'L.*fifC# b 

P-.'i'^ifiii?g?ti©r^©^^iii*A< , ^trnti 

ASiS< rjr^fito. ^#?g^^^<jr^ii«tr-fci— ^<:^&^sl'5- 
-g^ciJ:>i^■S-C'*■6o 

[0169] U±-imL,fc^:*><^. *^^r-iSfl3-r^^s 
49P-iL.7-^®^*'?*ieMSnf§;^^^;t^, 



3J 

#C'*^CC J: i , ?^4«|p - .'U 7 S tc; fo W a ^t^'C^iit 

^.n-sfei«>. B^^^^s^•^^%4^^p-.^^7^c^^■^^,it:(./ 

^ ^ C i ^te±'C- ^ ^ C i -7 
[017 0 ] VA±0>Ct/)--ib, i^m^-Z-it, ^^spP-JL- 
^^(D^'C-^'A^ R a ^ £ 0 JJ xnl^JrfimiM-t^, U 

[ 0 1 7 1 ] iE/c, --^imm^z't^mt i> :^ i*) y^^ir^ 
iSf a?^±«ip--'i'7<?>*s±ccjfi^^£''-; r-'ue 

^fC J; ^ i , ^i^jgrt 3 (Cm^SlC^^ 5 X 1 0 - m = 

. Srt 3 j^*^^ ^. i 4 ^ < ^ r 
^ ^cij^'ito^-'^fco c(Dfc&. 'S-i^s§rt3<7>^ligf;i± 
20 5 X 1 0 - * m= ymAncmmt ^ctmftu< , i 

X 1 0 - ' /I^^WTiciiES'^ a C i sJtS b t 
[0172] Jiiav^.- h &c:>*ffl^gft^^>^^^s-^^t'a<i;, 
i^gpp-jL. 7 tc:si£n#< HiifC'&^jg^ 3<^>siit^st;o;]^< 

W D T ^m^/)^-^ ^. - h 5 3 0 0 

iSC^ 5X10-" /#^Ea;t-c u ^ to . v - h 
5 ©^MSm* 3 0 0 *CU±tCJSf#T mt IE 

I ^ - r & C'^MiasS 4 5 0 w±ocnst*-r -s c 

i ^5t^ I, < . 5 5 0 'CU±tc:JSt#t- a C i 3t>i!i|fCiSf S 
[0173] i-x- h 5(C-tmi'CitTfi'S.-r. L»^, 

i7tCct: otTi^::..- h 5 j^^^llti^i: I ^ J: ^ tc f ^ 
[0 174] i%spp--'U7{<:j;-r;feTEbr^#si?§* 

J:^fJ^>%isa-}V7 ©an i b r it . lafe J: 

fife, gt, m^M. 'j^>t^:^^>. ^ij:?'r>, L* 'J 

p4^ct;E>l|l^:^^^i^ii:3;>i^x-r>. ^'J'y?^^, 
50 [0175] 2%3p P - jL. 7 ©*t'tfl>*iSCC)^ ^ 1 in 
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[0 1 7 6 ] ■^^mM3<D-^.&tc'>:(i>mMn^ 

j!>i4 k tr /^ly Jitc: w ^ i . a - Jim^v^im, U ^ ^ ? 

3 <D-^^ic *i <7>7g^.m>%3Ag|iifi^i±, 0,7kg 
Sfc5!tSbt,^Sa|ai±i kg/^W±2 k tr/^*ifSr'^ 

[0177] >%49P-,'U7(^>Di-Jl'^ 
-fV^m^!^'^'- 1 0 m/#'ia±cc:-?-^ c i « - F e 

P-jL.^SiSig;©J;D5!?*<./t^JiPi±, 2 3«l-!/# 

[ 0 1 7 S : ^'^ ^^ -'^6©ifi^^!Slii. P-JL.*fiiiigCli', 
?fA:t^t:-itrjr< . f%49P--si-7^C»^§^^iiSji«gi<:i>i^; 

1 3 k P a W± 1 0 0 k P a *7il(cgasS'^ 
Si.©)±;'jA^O . 1 3 k P a ?%4jip - jL'^ 

Hie &#?grl^-^sM *J * . p P^sr- 

0 0 kPa^a^t:7;*<^i:^i, if spP-,'L.«ai-& 
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SfvC'^j; <..(<^E;^)i¥6Si* 1 - 3 k P a y.±9 0 k P a 
Vir J: fif ^ Ut^*&Si* 1 0 k P a ^±7 0 k P a W 
T. WtCic? S U i* 1 0 k P a U J: 6 0 k P a y.T 
r-*-B, ^tStlE <./t^j¥&|ai*3 0 k P afe.l±5 0 k P a 

[018 0 ] VA±.<i>J^ "ylC t-X-^^mM^^i^T'hm 

[0161] [.HJ^'&^OC'Jiiaitii] milt. T i<Dm 

[0182] ^ m 7 ^■■6*:H7>^^ct; cc, x h 'J 
^ ;^ h ^Vi^m U tc^.i% it.. ^flV 

[ 0 1 8 3 ] T i SJs£^n^S^ffi14i± 

sasftife? (F e -B} 3;>^istiibTi^^o cntc^ju, r 
tc^-F e3(>^5a±r'^fo^o a^fflo!%spaig[ii. .n?^^ 

$ ^£ & 0 - 2 0 0 li m!s«g®*5a tcigrS-? ^ C i ^-^ pJ^e 

it. 6 0 - 1 5 0 u m 
t:* , W.i'Ctii^ Ui,'}W-^ it. 7 0 1 2 0 a urC^b 

^i#^:f- ^ =^ > * i> V m^^^n ^ct ^fiZ' ^ 
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[0184] ;^ I 'J ■^^^r^ 

jSf??i<: j*.^tt*^??TiT ^^*gi1tii^^ Vzi-^fctb. m 

[0185] -■¥imm^<Dm^:fjmcj^ ^-z&m 
e^ic nhin^-r / =2 > * r icmm h tc 

\t. R. F e,, Btl53it^1SJ<^>lt^SsSt5fi!ii;£{Ctfc^t:R 

it. T ! cr>j^.TWiCJ:y , isiiJtCf?ST^BAi^iS^'& 
I.. lfeStiHffc'fS^fiJ.'?35i/^T< T ! ©?3S^Bi^:J;- 
r^#6^^^a^si^tfc^^i±. ■i-yji--bfi'^'-'jf-<D-^'{ 

it^mBt:ffii<mBmrmicj^^ 'c^mi'^^'&i^. 'mt 
[0187] :^mmmiasii^mmi^±m'^-^m:B<o 

il^-^R, F e,,B+ii|5J^U-<-sl'W±€>ilclEtta**flSit 
i^?: 1°!— SI^RiC^tf . -m^<D ') ^ -Y -'b jgSS^ a , 

%U±. 1 0 ^^^^%7P?il(^eaiar'it 1 . 1 - 1 . 4 <d^^ 

8- 5M^%WJi 1 0>m^^%s5jil©Sa|icc:fet^~c. is;;* 
tefH«J<7>i^5©^^m^lSSt B , 0 . 7 - 0 . 9 T . 
JSM^jHc Jt6 0 0 - 1 2 0 0 kA/nif'^b*! . a-Stt 
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^gSS^MigCB.itO- 7 5 -0- 9 5 1. mmt>H,., 
it 5 0 0 9 5 0 k A -C^b ^-5 . 'J =2 -'l-ilM 
.(OifJ^ito J I SW^S<??C £ 5 0 1 - 1 9 8 9ie 

J: C J' Is i^fitl^ S f k L/C SJ^tlSff fl3 J; ^ SH^fl'j 
[0188] iV^mM it r i*, ^ tfiffl 

mcm^m'^^: < - B/H > ifi^.'^- 5 r >xjpifcTW' 

^ C i ct «J . i^^mti ^ ffe< T ^!£:^g3;>^^b ^ < SSii>p 

[0189] -tC^a, "WJg-cit, ?^spP-,'K?>/giig^Ai 

it£ Om/SH;;J,±) ictt^^tm^tc^t^. hUTi^m^ 
ipU^cWnit. «-F e^-^R, F e„B5^it^1*!Cc:®^fe 

[0 19 0 ] unmofcm^iimcA^^xni^fitc^. 

[0191] n.9!mmci$i.ii>'^^f^<D\<, F e,.B§a 

fL^Mi(^>i?'-rx {^mm^t<L\m^^^^^ > it. 

2 0 w mW±£ 0 0 n mUTr--3b^C S U < , 2 

0 ■! mW± 1 0 0 n mJlilT-C^b^ C i;^^EOC!?f S Ut^^ 
cniC^L., gfeSfl«lti^t|^« - F e fH7>^te|SS^&@ 

■^■^ib . m itmn'p « - f e tm t<Di^mmmw-^n.m 

it 1 ill in W± 5 0 m WT-C^b ^ C i ^-^ftf * b < . 3 (i 

[0192] *^^ocj;^|^ii*^'C'ffi^$n^<:^^*^ 

< 1 0 - 3 0 0 ii mr-* D , J: 0 StS b < it 5 0 1 
bOnvaV^^o MtCiJfS Ul^^^il^C'Saait, &0-1 

1 0 fxmX-^-ho 

[ 0 1 9 3 ] c ^> hxmibntc^^iii^<'>EM-v- ^ xic 
Mt?>m.u-^ A x©q^fc^tb^ { r ^ tfc ) 0 . 3 

-1. Ofiig'CA-So -4!:*JJHfJSgrifg.H'fe^.?S^^© 
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0 - 4 (j ti infig i fit ^y-cS^A ffM i in 

[ 0 1 9 4 ] C © J; ^ U -CJf fEin^cM^»<^>iSm^} H . , 

[0196] CCVit. :$-^mi'Cj^Si-y^>4ii.'^y V 

4T.T*,i^MQP-BfeJ;Ci'MQP-0 <Mn4>®^^^?i 
j!>i3 0 0 jjmWT) i^tbljf-^^. ^i^a, -<s=#feBjgf;: J; ^ 
y :3 > i> h -mi<DEAiHii. WT© J; U ~Cl1fSa 

[ 0 1 9 7 ] 16 fsat-aSSfei^ 1 ilil1t<?>;tfO£-t:'jiF 

mbfc^-i^-^-^ <Nd : 9J^^%, B : 1 T 
! : Zm-1-%. Co r 2MT%. ^E|iF e<^>'&^. ^i^i 
: 7 0 ii m . !^dl^^ O" : 1 3 ft> } ^ 6 & 0 jj m 
WTJC^iii l,^cf^, $ S^] & 0 0 m m ©tep^^?: ^ 

0 0 fiiU!i/<J{<:'C6 6 <)*CiCj^f#b?cS^f^^m^^2 0 
t" y^<7>m^A0.r'W^T * c i ct; r ^SAfS =&*fe 

m^<Dtm N c p - 0 i b^-c. 

[ 0 1 9 8 ] ft HC, •t-n^n©i^?S^!M'?(OS<t { 2 
3 ^C. 3 0 0 'Ciii J; £>' 3 5 0 'C ) Vi^Mr'^ iC 1 BF^Bfe^ 

s^M^jH-^JH, i-Ci^iJ* bfc. 2 3 'C-Cif J* I. feJSW 1 1 
iiiC . TZ^^Z' 3 0 0 'Cfc J;E>'3 5 0 'CZ'^n^rt 1 H# 

[ 0 1 9 9 ] « 1 lC^^Ufc<i:'^lC^ MQP - Bi*. 

MS^sr-^^Tiau, 3 5 o^cr-iB^r^ias-^^i. i. 

QZm^^Vimi'tc. MQP-Oi*, 3 0 0*Cn 
H#r^l^Sf ^ i W^^WS^-^ 0 . 2 4 |gS% S. X'im 
h. 3 5 O'C-C lH#liS]Ffe^t"^i, 0. 5QmS%SV 

[ 0 £ 0 0 ] C tUCMh. -i-y^-^-^^f' v IMsSNC P 

- 0 kt. 7z%f^ic 3 (j 0 'cx 1 nm^mx' X hmM:^'m 

Si* 0 . 1 0 ^ -C U ^.S^JDp-liT. 3 5 0 'CX 1 H$ 
0. f.S3fe(?>:#,2%s:«:^^S*ieJ:b?a<./riirtWtfcteoc:pnri,^ so 



[0£0 1 ] s^c, -t-n-enc^mt^^fB^gsigfa^^: 

^nm%\t7Z^^ti^X\ #Ssiig[i±l O'C/^iU^Co HI 

[ 0 £02] vtt;:, * 1 (om%^mc-->\,:'X^^L. u 

QP-Bit. £SSVt$iifl>ffeTt>^(.X . m^Xti^W) 
m a X ii > 3 0 0 'Cr 1 Sr^FitS-^ i 2 3 "CX 1 H#li] 
Sfeg U tc i:>0>(Dm 6 5 % i -CiST . 3 5 0 'CX 1 H#li] 
s!tgT^iS^53 0%Si:lfeTOfco MQP-O© 
{ B H } m a X i*, 3 5 0 'CX 1 HSr^J^g-^- £ 3 'C 

x 1 efeifesb^c*><7?<^!i(t] s 0 %7Rsf§i£^ r-er bfcc 

cnic:^*.,, •^^3>i<:i^.;> H^^NCP-Oi*. 3 5 
0 "C-C 1 HSfajlt^bt: { B H ) in a xi* £ 3 'C 

X 1 BSfelsfeS U A; h<D<Dm 9 0 % Urf>^igT U - 

[ 0 £03] C©J; ^oc. -i-y^ H^ISi^fij^ 
^^y-cit>tCfifc^©^,?^M5»iS^ {ii^iCMQ P - B > X& 

^■C. 7Z%^XiS^W\t-t^!:.tii'>'^^^ttJ:^^ -ttfti 

iy>'yfc<7>x\ nut2 5 o*c--3 0 iycn.r^<j>^f^x-Wi 

^x\'m-^n^-^^^^ rMS?:J#^c<L;Oit:-*^o +y =2 
mci,%, 3 0 0 w±3 5 0 °CJt.'.T©SiSr' 1 s*r^:;^5i, 

^IC WM. I. fefg<?;'g?S^^^3!>i 0 . £ 4 WS%UT i ijf 
<7>»'I^^W^^-^ 0 - 2 WS%WT i ^ J: -5 (■di^sH S ^ 

Wom.^m'^^x^xxx. wm^if^f^Ax. b,so. 7 

T . < B H } m a X a 8 0 k J /m' , H, , £ 6 0 0 k 
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^1 42 

■6, « 





















C 








23 


107,0 


0,80£ 


1009.7 


0,02 




300 


103.1 


0.790 




0.10 




350 


«6J 


0.774 




o.±o 


MQP-B 


23 


122.0 




73a.ft 


0.04 




300 




0.7S2 




0.07 




3S0 




0.546 


8353 


1.93 


MQP-O 


23 






1007.6 


Oj04 




30C 




o,eo2 




0^4 1 




^50 




0.744 


B77.4 


6.55 



[ 0 £ 0 5 ] tc: J; a y =2 r m»Sc*, 
SiO@£fJ;^{i:'J^$ HBft'fStlJ^^^^JS* U r fc *J . ^ fE> 

MQP-B (SAsiiia 0 0 jLtmJ[i'.T> -Cit. 

f^B.iC^K^X^^^. S*>iSS(,Mi'&^J^b~C*,i^ 1 2 5 

, { 0 . 9 0 T ) tc*i Ur , 5 3^ mWT©»S*1S^© 
^gES^^SB. ( 0 . 7 9 T ) 0 rife 
Tb-Ci,^^, lEfc, (BH> ma xiC-^t^rm-Si, 5 
3 fx my,T©»S^ia^(7>¥^© { B H ) in a X < 3 S ji 
rnUTi 3 S ;u 3 fi myT<^>fi©^iii^^fe) > it 8 
5 . & k J /m^ TTA D , 15 ■:) nmm2l2ii mWT 
{ B H > m a X < 1 5 0 JJ 1 S 
0 (X mV:iTi- 1 S 0 li rnJi £ 1 2 jj miy,T<?>«t©^iiiS^ 
fcj> 'C'^>-S> 114. 6 k j /in' ©7 5 Strife 

[ 0 £ 0 7 ] c t>tc^ . + ^ 2 -^^ r i^?&c*©f t 

0 < ®;^teJi3 0 0 ii mUT) rii. ft 3 (d^^^T J; 



l-f(i?::?nl/i:*,i'S 1 0 6 mlS 1 2 5 (u iinWT©»fl^1i 
^©^^i^Sl^e^Br <0- 84 5T) CCi^UtT. 5 3 
li m WT©t^^5±^©^git^^Mg^ B . mo. 8 2 9 
T> 8%tiJi<?>*I^^U-ri-^, S fc, (BH) m 
20 ax ii--r>i,^i>. & 3 JJ mWT©f9*li+-*D^^teF© < B 
H > a X ii 1 0 4 . 6 k J /m' r^b 0 . 1 5 0 u m 
^£ 1 2 JJ mlClT©^S*5iL^^c:>^iij© < B H } m a x r- 
^)-& 1 0 6 - 6 K J /m.'0>2 Z%Vl±.<J>\^^'muXi<-^ 

^ fes^n, i ^ i'c:>^M.'?Sie -^i ^ r ^ > * 

t> hml^CD& 3 JJ my,T©1^^&^^©^iSjCr> < B H ) 
in a X ii, 1 & i) JJ mEa£ 1 2 jj inJ.:UTt^>f9^sii^^<^>^ 
tej© < B H > m a X © 9 0 %W±Of(i W , < ©iSfi 

30 uis. mno>im^'iiio>mm\t. j i s 8 8 o i ii88<r> 

[ 0 £ (i 8 ] 
[ft£] 



Partiol« Siza 






Br 


i fJm) 






CT> 




33 J 


744 


0.79 




37^ 


752 


0,79 


S3<, ^75 


94^ 


73* 


0.32 


7&<. Sloe 


103.3 


743 


0.34 


10e<. ^125 


1M.5 


754 


0.3fi 


1£5<. ^150 




IMf 


0.90 


1flO<. £130 


115,7 


750 


f>m 


130C ^2^Z 


113,4 


763 


0,35 


£1£C €250 


110.1 


755 


0,37 


250< 


112.^ 


752 
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Particle SSse 


NCP-0 


Maes % 










CkJ/in*) 




( T3 








^lf4 ^ 








104 77 


&44.0C 


0 ^29 




12.S4 


107,16 




0.831 






I1&.6T 


85^.75 


0.837 


I06<. 


12.2^ 


11 £6^1 


86e.12 


0.845 


125<, ^150 


15.24 


1 1 1 .63 


864,21 


0,843 






105,64 


e9e,30 


0,820 






107.61 


34^.41 


G.a31 


21 2<, ^250 






^51.16 


0.814 


250< 




8d.44 


844.64 


0.800 



[ 0 £ 1 1 ] WTtc, 5 3 fiiiii:'.TJ'5ct;U''3 8 !iiii',T 

[02 12] m:4ii:^^fji'yfj.m'^o>^0,^iii^ 
^r^i-y 2 >^t<t> y ^ iE»?s<^>55*:t4N c p - i ^-^^ n c 

P- S^il^Mb^-to wfe. NCP- 1 ©j^^Sii. ■:). 5 
f.C^:^xmmh. J!tecr>NCP-2 -NCP-5C'M^5) 30 
3 0 0 0 r p m . 4 0 0 0 r p m, 5 0 0 0 r p mfe J; 



• {J>M?Sl^f4 N C P - 1 ;!>^6 N C P - 5 ^ ^? 
it. ^.H^n(DimmA'^iC^^.n^%mii^h 3 fiiny, 

[ 0 £ 1 3 ] *&*r>ii^:^^-.^4:}5!>^^J:; fefl^^5 3 
ii m tiT©1^^^ ^ 1 0 WS%W± { (g^lStC i 1 9 . 5 
%ia Ji } i^Umi N C P - 3 - N C P - 5 i±. ^■■^'■y-^ 
f^m 4 - 3 f / c in ' ia± i ]iJ < . j^t^}C^^ii[te^>^®n 

^fs^-^ 5 3 u m WT©'^- y > # i> h 1 0 SS 

[0214] 
[«4] 



Perticle Size 


NCP-0 


MasQ % 






B. 




CkJ/m*) 


CkA/m) 


a> 






104.^ 


854,&6 




3e<. 


8.8d 


104.77 


844.05 




53<. £75 


12.;M 


107.^6 






75<. ^<06 


1^.76 


110.67 


859.75 


0.337 


ie6<. ^123 


12.23 


M2.64 


866.1 a 


£>.d4S 


1£5<, ^150 


15,24 


M 1 ,€3 


864.21 


0^43 


I90<r ^ie<» 


9,42 


10&,64 


896.30 




180<, ^212 




107,ei 


849-41 


0.831 


212<. ^250 


4,27 


90,67 


861. U 


0,814 


250< 


1.65 


88,44 


844,04 
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<Mass 9«) 


(Mass %) 






250 


Tap Density 


NCP-1 


4,30 




4.01 


NCP-2 




7.21 










4^a 








4.2S 


NOP-5 


3«.90 


0.00 


4.33 




6 ^iS?J'?H^ -S + ^ =3 t-;. N C P 3 8 JJ iiaWTo:..^S^^^^©^W^i i t> tcKi 1 6 

- 1 irf)^f5> NCR- 1 6^ siiiait., ^n-t-n 2 jgs^o 

Jiil<=rt''(iJfi|iSl-&'^ itCJ; -^T^s > [0217] 
Pa < 1 0 t / cm* > T"'ilIJi!i£ff5-r^ CiiC J; « 



Partial? Sizfl- 


NCP 


-11 


-(2 


-13 


-14 


"15 


-1^ 




2.1 


4.8 


9A 


11.6 


15.0 


ia.o 


38 <, ^63 
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6.S 


n.o 


2^.2 


20.9 








12.3 


14.^* 


s«.o 


2e.9 


7S<. ^106 


1d.» 




1$.S 


20.3 


22.4 


£3.6 


10«<. £12S 


11.1 


lS.j> 


12.2 


1^.5 


e.i 




125C SI SO 


14.1 


Ift.S 


15.2 


10.4 


2.9 


3.4 


150<. S1B0 


17.5 


10.7 




9.0 


2.2 


1.2 




17.6 


«J 




6.a 


1.7 


0.4 


S12<. ^250 




S.S 


4.3 




0,5 


0,t 






1,C 


iJ 


0,3 


OA 


0,0 


3O0< 


2,» 


1,0 


0.0 


0,t 


0,0 


0,0 



[ 0 £ 1 S ] 1^ 1 6 J: ^fc . 38 n t»MT^ 

himi^mi-^^. !amiJ!}'is,ri'. ^i=-ms^<D^^,>tiL 

fili m i ^ I. , ^§«J ^^^T ^ C i J: ^ -cmiS 
[0 £2 1 ] SS9S©lit^l4^ia]±r^j'<:iiS>cc:, iS*Sc>^ 



[0£2 3] ^hiC. i^^BJCDj^^ic J;^r=!i^''>'? > 

50 *>-C'Sr-s>, ?^^Si*i^~ffc^ni<:<t^©r'. w^^^ 
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[ 0 £ 2 4 ] i5S?f5:&^i U'Ci±> IES5SS£fiJ, E^s^fiS. 
^fC J; flit ^ C i J; - r . tSJ^ J: *i t> MtClS 

[0225: *^^tcj;as:s^^^!^v^-Si?mi4;*^|fi]± 
[0226] [ ^^'^ Ki^S®tS)liN ] 3tE#fe^ a i<> 

ntsi^ 2 Kit. Jijat.?i^;5cc, fit*C'^,^% 

(i^^i^MQ i tts!S©te«MQ P - B > 
t ^ A: =i > ? ^ 1^- tctfc-^ . { ,«± > ^: W 

(tj^ I. fen ^smr^. 

[ 0 £ 2 8 ] 1^ 1 7 fk^^^^;5lil^5^^S[*^i^6;^'7 

T"'*^, •;> t:"> i^*- 1 0 0 . P - ^? 1 0 1 
i. P-i: 1 ■:> l{7>JilS{<:lS^W6^^c;^-?-^E|il 0 2 
<!:?:^<./T:t-'&, P^^S? 1 0 lit, 5ifl8 mm® 50 
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'7- 1 0 £ i*, ?f 3 - 1 0 2 a J; 1 0 £ b 
i. cnf5.iS«,4C=?#i?i^i^-iitc#^^nfe21il©F^3 

- 1 0 3 i . c n 5<^r^ic:Ji^^ $ i^^-citpi^ ^ -(^ -sH <j 
4 ai<5J;E>'l ':)4 b i^fi^rt-'-S, Ctr>X'r y f>i^ 

^ - ^? 1 0 0 . 1 ^'i' m^kicj^m^-f-^mm^ i 

0 4 a fe J; £>' 1 0 4 b <^>i|GS:«;^)tc: J; D 1 Ax '^Ufcii 

D - 5f 1 0 1 ^-^.^jiif ^g^n^^^^ ^ . *, ^ p }jm-' ^ 

[ 0 £ 2 9 ] a - 1 0 1 ^j^':^ V m:5it. ±ji 

[0 £3 0 ] «:C'J;^w*^^Cc:j:a=s>-'t^j> K -SrJ^ 
it. 'J^ - iSlig^rfi-TJff ffiiicc^ti-cfe *J , iJ > 

[ 0 £ 3 1 ] p - 1 0 1 i*, ^s ffi;tf^T"«jar^ c 

[ 0 £ 3 2 ] mut. ^i?ftfi«itfi|?:SS^gi!iT-&=! > 
-'^-^f^ r^Jl*,^ 0 1 6 { a ) "~ { c ) 

r. HIS (d ) tc^'^2ii> KM5-ft.'SflJ^C'P-^? 

[ 0 £ 3 3 ] 0 1 S { d > fc:^T^OfcP - ^? 2 0 0 i*, P 
-5f|i2 0 5i. ■C-©gi^0CC|&:i;^6n;^i3"i^£0 8 
i. :;Ji> ri^S£ 1 0 i^ti;ti:i^-S, i<> VmS2 1 
Oi*. 9^i'£ i:)8<7>^H£ 1 2Ci:3gg$nrci-&<, 

[ 0 £ 3 4 ] ^-■P2 0 0kt. miB ia) iy^tb < c } 

[ 0 £ 3 5 ] ST, mis < a ) ccl^r Ufi J: ^fc . * 
■r. f&^WCD=5>-'<^) > £ 0 1 -£;!|J!^l,fcV i -yK 
•^^ 2 0 3 ^ 2 0 4 OC^ifflr-Ji^ ^ -ti: 6 = > 
> r2 0 1 b-f- f 2 <) 2[^iC^^-^^, #M 

2 0 4 0c:it, P-^?Sa2 0 53!>K-043*cciE7^^n?<:9 

- 5^ £ 0 8 A^-b ^ $^^•C^<3^^ , P - 5ria2 0 5 

ct ^ fC^iatf^H £ 0 7 ^>ii§rt* f5>^^r<,i^c ^St£ 0 4 <!: 

cn^crxatc^^^ br ■{ £ 0 2^>^©ss;3nt:t,-^o 

[ 0 £ 3 6 ] ^JfeiC, m^i^. mi 8 < b ) OC:ii^T=t;^ 

tc. Ji,>o*£ (>9^/rb~c, r2 0 1 

[ 0 £ 3 7 ] vtiC, mis < c ) (C^Sf J; ^ OC. P- ^? 
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?f^ri. P-^?li2 0 5. 0 i<> Kitsap 2 

[0238] i<> hS:«;o2 1 0 ^tiit-^ -S^cii). 

fect;£i'3-'i'£ 0 8 ii<> l^M;p2 l 0t<DW^2 1 2 

[ 0 £ 3 9 ] 2|E:^^ocj;^:3>,>-Cf> K lij^l4(C® 

[ 0 £ 4 0 : Jia? b fe.'dSffj^tf^cc J; a i , 'J > i^S7;©i< 
> F 2 1 0 ^mi <-"t£ f5> . isiBic , B-^i^z 0 8 

fect:^J'a-'^?$A£ 0 5 ijfo Ki^;5£ i 0 i^-fttd.iiS 
fij'c 5r ^(^>x"'. oi - ^? 2 0 0 ^^sst ^i^tetr-iSjaT^ c 

[ 0 £ 4 1 ] ^M£ i) 4:A^fEiS£lf5^^ERDt±lbr 

=(>^^i!fLf ^1?IJ^sFl^ Ufc-.^\ ^^£ 0 4 OCM*g#$: 
5&:ti-c, ^M£ () 4 f^r-i?f turret; <, jbpEU^cttil 

."SSf^ ic J; ^ t:24<> KMs-f1;,'55fl5^p - ^flJfiST^ c so 

[0£4 2: lE/c, i^mMiCJ:^^l^.'--^0> SE^fc 

r^a, St^-c. -4s=ife^iCc^;^=3>''-;'^> rit. ipm 

{ I ii t e !' i o r P e r m a ill e n t M a g si e 

t > 5a*-i?fi:flit^5*i.^M;5iai&:5^a-^r3 0 0 (in 
[ 0 £ 4 3 : 1^ 1 9 cc^ u fcm^ismm a^-^j^z o o 40 

it. ^'C-- {e^^i«il.ii8 Omrn, il^50mm) 30 1 
i. ^'Cs3 0 1 (D'P'C-.i'Cm^^tltcmiiMB:^^^ h 3 0 

2 i . a^il:^3 ■:> 1 <Dmmmicmm^ufcm.Wi<^7 - ^ 

-i' 1^ 3 04 i-&fi^ri^^. ccr-ii. 8ii<D 
r - o h 3 0 4 6 *j . -ene 

n-C'^^p r 3 0 4 1^ 1 - h <^N^i*ili3. 5 

mm > 3 0 4 a ^^2 ^ (i^^i^le 1 . 8 mm ) 

3 0 4b t^mi'h2^m&<tti^XK^'i>c cnh<D:^ 
P y h3 0 4 a4i3J;e>'3 0 4 b ^tC^^^^CC J; ^ :3 >,>^' 

> h' b . > rSS5'S:flS.iS5T ^, P - 3; 3 0 0 5G 
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[ 0 £ 4 4 : ^t<■> Ki^;5©fi£fi5i±, M ^ (DTj^X'-^^t-^ 
336 3-9 8 1 0B^'2:-MmW.) ^^mt i> C t.^'X ^ 

tc:ct;^=2 V\t%m±<'i^^n^<ox\ r 3 

0 4 a fe J: e>'3 0 4 b rt{<:gB*(;cSf||~cs . mr:> 

X. f.S3^J; *j t>iSSire'r'jSif Sili^^J^ia \ P Mia-t- ^? 

[0 £4 5 ] :*^^tCJ; a =^ 1^ Kit, lil£ 0 
{ a > tCTji-^tte^Hz^t?- <p-^'J-x>=!-5f'> 4 0 

[ 0 £ 4 6 ] H £ 0 { a > ic*<..?<ia - ^? «J x> =5- 
4 1 nt. 15l|i|*4 1 3i. m\^m4 1 SocaJS^^afe 
F ^ A 4 1 6 i , K 7 A 4 1 6 0>9mmc^^ 
$nfci^^<D^-:^ \''m:B4 1 5 i^^T^a-3f 4 1 4 

i. p-^?4 1 4<^9mmimmuxii&^nfcm&^ 

4 1 7 i^li^'Cl^^o ^tiiS4 1 Ti*, P-5f4l4 

b'-a:r>A^ai^^*J^*,iaciA4T'#&c S^c. His 
ii4 1 3 it*- 3^4 1 2Ki^ii^$t).T*,i^o 7 

it. &T^i.JW(,iBfjtiJ^cc^^$4T-r<,i-So 

[0 £4 7 ] *^^0Cj;a:3>,>i*^j> K^J^l^-Cffi.'dS^ 
nfc4i> \- m^4 1 5 it. 1?lJ;iit, |1£ 0 ( b > fC^b 
<i: ^ Rtli?;© 4>©r'A , mti K 5* A 4 1 6 ®?f il 

rMH4 1 5i|HiiS r5'A4 1 6 tC'IS^it, 1?lJ^it^^ 

[ 0 £ 4 8 ] C ®P - iJ =3 - 3s'4 0 0 it. WT*D 
J; 5 ic t(pf^^ a 0 * - 4 1 2 (omm 4 1 3 i^-ileii^-^ 
■5>i. •e©iiEi$ifcrSi./rp-i?4 1 4;5^iiiii5'^^, 
i . p " 4 1 4 <D9mmcs^^$ tifc i<> K sss 4 

1 5^%EyS4 1 7 0Cfi5s£-r^i^^©I5!SA4, 

1 4©lliSCc:f.S ^r?s:ftT^, 1*Ei3f§4 1 7itCC'm^ 

[ 0 £ 4 9 ] *^^CCj;^:3>,>-f^> FitS^tt <.^® 



51 

2 1 <a > fej^c? { b ) ^mmofj:-'^''^'^mtamm,c 

[ 0 £ 5 1 ] 0£ 1 ( a > ^^¥S)^<^>v"ut2A^t 

^. ,j .„ s;>5 , ^(<EpA:&iS]i<:|SiisggSi,^n^JS 

jfe F ^ A 5 1 0 i , S^fe ^ -i. 5 1 0 ^W^-t -S ^cif)<r> 
^Sia- ^ 5 ■:) 2 i , Hif^^SS 1 1 'J - ^ > 

[ 0 £ 5 2 ] i^f^K^S 1 1 i±. h + -5 1 3 
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